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Th: HUDSON organization, qualified by years of experience in the successful design, 


construction and operation of major hydrocarbon processing plants, offers its special- 
ized services for projects in any part of the world. 
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PETROLEUM PROCESSING photo by William Klotz 


Interior of redesigned Houdry case at Sun Oil 
Co. Toledo refinery undergoing careful visual 
inspection with “Tubescopes”, new type inspec- 
tion device. Modified Houdry design reduces 
turnaround from 6-7 weeks to 7-10 days; see story 
on page 37. Tubescope inspections require no 
additional timc: see page 65 
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Gasoline takes doctors on their heal- 
ing rounds...brings visiting nurses 
to the bedsides of the sick ...trans- 
ports patients, medicines and equip- 
ment to hospitals . . . enables travel- 
ing clinics to serve remote hamlets 
with the finest of medical care. 










































The nation keeps healthy on gasoline 


rane medical knowledge and skill can be put to 
work, the distance that separates doctor and 
patient, home and hospital, must be bridged. Over 
the years automotive transportation has progressively 
shortened this distance. Better fuels and better en- 
gines have helped the nation benefit more widely 
from the great advances that have been made in 
medical science. 

Gasoline costs less today than it did twenty years 
ago. Yet, by developing new refining methods and 
using antiknock fluid made by Ethyl, oil refiners 
have been able to improve its quality time and time 
again. And each improvement in gasoline quality has 
made possible the development of more powerful, 
more efficient engines that provide better and more 
economical transportation for everyone. 

As in the past, progress in automotive transpor- 
tation still depends largely on how well engines, fuels 


and lubricants can be improved in relation to each 
other. That is why the engineers in Ethyl’s research 
laboratories work in close cooperation both with re- 
finers who use our product and with automotive 
men who are engaged in designing engines to utilize 
the extra power available in better gasoline. 


More power from every gallon 
of gasoline through 
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The demonstration room used for the Preventive Maintenance Refresher course at Standard 
of Jersey's Bayway refinery is equipped with both steam and centrifugal pumps for full-scale 


PUMP MAINTENANCE COURSE 





working demonstrations. 


Instructor is Louis H. Zepfler, steam and power engineer 


Operators Told ‘Why’ as Well as ‘How 
In Program to Cut Plant Operating Costs 


SHORT Refresh- 

er Course, taking 
only 75 minutes of a 
plant operator’s time, 
is being used effec- 
tively at the Bayway 
refinery of Standard 
Oil Co. of New Jersey 
to show the import- 
ance of Preventive 
Maintenance today in 
keeping plant operat- 
ing costs down. 


course. 


Basically, the course 
is built up around 
one main theme; Take 
the plant men into your confidence, 
show them just what competition the 
refinery is up against and what has to 
be done, and then point out how they 
can help do it. 

At the beginning of the course, the 
postwar competitive position of the com- 
pany is explained frankly to the men. 
They are taken behind the scenes of com- 
pany operation and shown: 


article. 


1.—How this competitive position is 
affected by plant operating costs. 

2.—What an important factor proper 
operation and maintenance of equipment 
have become in those costs, and 
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Two years ago, at the peak of the war, Standard Oil Co. of 
New Jersey discovered an effective way to reduce pump mainten- 
ance costs. It developed a Preventive Maintenance course designed a 
to help operating men handle pumps more effectively and care- om 
fully. Within a year, major pump troubles had almost disappeared. 

With the war’s end, however, the men relaxed and pump fail- 
ures began to increase sharply. Today, with operating costs on the 
rise, Standard of Jersey has rejuvenated its wartime pump Preven- all 
tive Maintenance program—in the form of a 75-minute Refresher 
In it the men are told not only how they can help reduce 
operating costs but also “why” it is to their personal benefit to have 
these costs lowered. The philosophy behind the course and how it 
functions are described in this exclusive PETROLEUM PROCESSING 


By WILLIAM F. BLAND 
Engineering Editor, 


Petroleum Processing 


3.—How they stand to gain if plant 
operating costs are held down so that the 
competitive position of the company is 
favorable to its going out agressively 
after more business. 

The main course of instruction in the 
Preventive Maintenance Refresher course 
is given over to the proper use of pumps, 
since they are most important in plant 


operations. So far the 
Refresher has been 
attended by close to 
operating and 
mechanical men in the 
plant, 

“These men who 
take the course are 
pretty generally 
keen individuals,” ex- 
plains Daniel L. Rus- 
sey, Process Superin- 
tendent at» Bayway. 
“They're the type 
who appreciate the 
story we're trying to 
get across and what it means to them 
personally. We've found out that they 
react to our ‘man-to-man’ treatment— 
and do a better job because of it.” 

The men come into work an hour and 
a quarter before shift time on the day 
that they go to class, and are, paid for 
the extra time at regular overtime rates. 

The Bayway solution to rising costs 
is an outgrowth of its wartime Preventive 
Maintenance courses (NPN Technical 
Section, Aug. 2, 1944, pg. R-496). At 
that time the company worked out a 
series of three one-hour courses designed 
to emphasize to operating personnel 
























Cut Plant Operating Costs 








the serious situation then ‘existing with 
regard to materials and parts, and to 
show them how they could help increase 
wartime production by taking proper 
care of critical equipment. 


Because pumps play such an important 
part in refinery operations, the main 
portion of the program was devoted to 
that type of equipment. It is still the 
main subject of the new program. 


The main story in the revitalized Re- 
fresher course is now the cost of equip- 
ment—both new and replacement—and 
how proper operation and care of that 
equipment means low-cost operation, re- 
sulting in a better competitive position 
for the company and more job security for 
the men. 


As with the original course, a great 
deal of time and thought was put into the 
preparation of the Refresher course. The 
new course is well-outlined, and a 17- 
page annual gives the instructors the 
main steps to be covered, the time re- 
quired in each case, and a complete set 
of notes of the key points to be discussed. 


Demonstration Room Fully Equipped 


All class held in the 
special Preventive Maintenance demon- 
stration room set up for the first course 
and equipped with actual equipment 
for demonstrations. Besides the demon- 
strations, large charts are used to em- 
phasize certain points and a blackboard 
is available for free-hand sketches and 
key words that the instructor wants to 
drive home. 


sessions are 


All instructors are recruited from among 
the top men in the Process and Mechani- 
cal Departments, and are thoroughly 
familiar with the entire course so that 
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they can present it in a free and easy 
manner, 


Bayway's experience two years ago 
with the first Preventive Maintenance 
course was tremendously — successful. 
Plant records showed that in one 5-month 
winter period (’42-’43) before the course 
was instituted, there were 187 instances 
of four major types of pump troubles, 
as indicated in Table 1, that could have 
been prevented. During the same 5-month 
period a year later, when the Preven- 
tive Maintenance course was in progress, 
there were only 80 cases—a drop of 
57%. The following winter, which was 
still during the war and after the courses 
had been concluded, there were only four 
cases—all bearing failures. 


Breakdowns Increased with War's End 


After the war ended, however, an 
almost immediate upturn in the number 
of serious pump breakdowns became 
apparent—26 cases being reported in 
four months. That number was far be- 
low the normal situation before Preven- 
tive Maintenance, but was still sufficiently 
high to prompt the company to give the 
old courses a shot in the arm. 


Besides the need of reducing operat- 
ing costs, the refinery was faced with 
another problem that suggested the need 
for giving more attention to Preventive 
Maintenance. During the war priorities 
could be had to facilitate the procurement 
of scarce equipment. Today, some items, 
particularly pumps and motors, are still 
hard to get—and there are no priorities. 


At the beginning of each session, the 
Process Superintendent of the plant gives 
the men a short talk before he introduces 
usually 


the instructor. His comments 
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run something like this: 

“Two years ago Bayway developed 
and gave you men a course in Preven- 
tive Maintenance which proved so suc- 
cessful that it was copied by many other 
refineries, as well as by the Army and 
Navy. Its success here at Bayway was 
due principally to your efforts. You 
men did an excellent job in keeping 
equipment on the line and in avoiding 
waste. 

“Now that the war is over, we feel 
that you will want to know where we 
stand, and what we can all do to im- 
prove Bayway’s position. To this end 
we have prepared a Refresher course in 
Preventive Maintenance which I'm sure 
you will find interesting, instructive and 
well worthwhile.” 

At this point the superintendent intro- 
duces the instructor, whose first move is 
to establish an atmosphere of complete 
informality. He tells the men that they 
can smoke, that there'll be no paper 
work, and that they aren’t going to see 
the same demonstrations they saw in the 
last course. 

Finally, he assures them that they know 
more than he does about their own jobs 
and that it isn’t the purpose of the 
course to discuss their jobs but rather 
to clarify and fit into them certain in- 
formation regarding the characteristics 
of pumps. 


Object of Course Explained 


Once the introductory remarks are out 
of the way, the object of the present 
course is explained to the men. They 
are told that the original Preventive 
Maintenance course was based on the 
vital need for conserving materials, but 
that today there is another problem. 
Almost ten minutes is spent at this point 
talking about what competition means 
to the company—competition not only 
between outside companies but also be- 
tween various refineries within the com- 
pany itself, and how marketing territories 
are allocated to the company refineries on 
the basic of cost—production, transpor- 
tation, manufacturing, marketing. 

Emphasis is placed on the manufac- 
turing costs, since that’s the principal 
item over which the refinery has direct 
control. Some of the items pointed out 
as affecting manufacturing costs and 
about which the men can do something 
are: 

1.—Conservation of 
and supplies. 

2.—Continuity of operation; operation 
at optimum capacity over long periods 
without shutdowns. 

3.—Care of equipment 


fuel, 


materials, 


against loss 


Pump characteristics are stressed in the 
Refresher Course. Instructor Joseph F. 
Leddy, Jr., technical assistant to crude 
distillation dept., uses both the chart 
and an actual pump to emphasize one 
particular characteristic 
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Series operation of reciprocating and 
centrifugal pumps, being described here 
by Instructor Dale Watkins, Mechan- 
ical Engineer, isn’t good practice. To- 
tal capacity of the two pumps, which is 
additive in parallel operation, is limited 
to that of the smaller pump in series 
operation 


or failure; expensive repairs due to im- 
proper operation. 

Specific instances are pointed out of 
cases where lowered manufacturing costs 
have resulted in the refinery obtaining 
a marketing area that geographically was 
closer to another plant—and of other 
cases where territory was lost because 
another plant had the edge. 

Here the instructor hits home the 
meaning of price and quality to the men 
in the plant: 


More Business—More Jobs 


“The more gasoline we can sell the 
more stills and cracking coils we have 
to run, and thus more jobs and job 
security are provided. Idle equipment 
means less jobs—in both the Process 
and Mechanical Departments.” 

This whole sequence of introductory 
remarks aimed at getting the men in a 
receptive frame of mind is timed to take 
about 13 minutes. Another 7 minutes 
are then spent proving to the men that 
Preventive Maintenance does pay, by 
showing them the figures which have 
been presented in Table 1. 

Figures are also presented to show 
how the amount of slop oil taken out in 
the oil-water separators decreased in 
the year the Preventive Maintenance 
course was first given, but then jumped 
the following year when the war ended. 

Here the instructor compliments the 
men on their record and talks about the 
reasons for the drop. “The records you 
men made during the war are excellent 
and you are to be complimented. The 
winter of 1944-45, during which you 
made the best showing, was very severe, 
with more snow and cold weather tha» 
usual.” 

Pointing to the chart giving the figures, 
he continues, “But notice the slump after 
the war. That was to be expected and 
there are a number of reasons for it, 
among them the following: Last Sep- 
tember we went back to ag 40-hour 
week, and that put a lot of new men into 
operations. Then, too, our veterans be- 
gan returning after having been away 
from the plant for as much as 5 years. 


Y 


, ; 
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Neither of these groups have had Pre- 
ventive Maintenance.” 

To avoid repeating the original Pre- 
ventive Maintenance course and to hold 
the interest of the men, the present cost 
story from this point on is woven into 
a discussion of the characteristics and 
principles of pumps—lift, head, flow, 
pressure. 

“In the original Preventive Mainten- 
ance courses we demonstrated the effects 
of improper operation of pumps. We do 
not believe it necessary to repeat those 
demonstrations. We propose to demon- 
strate pump characteristics. Knowing 
these you'll be in a better position to 
judge for yourself what is poor practice 
and why.” 

Pumps were selected for discussion be- 
cause they are perhaps the most vital 
equipment in the general refinery. With- 
out an operable pump, flow through the 
plant ceases. Besides, many expensive re- 
pairs on pumps can be prevented by 
proper operation. 


Two Types of Pumps Discussed 


Two principal types of pumps are dis- 
cussed—positive displacement and cent- 
rifugal. They are taken up separately, 
with about 20 minutes being spent on 
each type. 

In discussing the positive displace- 
ment type, the instructor defines its meth- 
od of operation as “push” and demon- 
strates it with a small solid on a table 





TABLE 1—What Preventive Maintenance Has Done at Bayway 


Before PM. During P.M. After P.M. Postwar 
(11/1/42- (11/1/43- (11/1/44- (11/1/45- 
4/1/43) 4/1/44) 3/1/45) 3/1/46) 
Cracked Steam Cylinders, due to freeze-up 8 0 2 
Cracked Liquid Cylinders, due to freeze up 6 0 2 
Burned Out Motors, due to improper starting 6 @) 10 
Bearing Failures, due to improper Inbrication 
or to spraying with water 60 i 12 
rOTALS 80 4 26 
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top. To explain the valve action in this 
type of pump (which he is careful to 
emphasize is being done for the benefit 
of the new men) he exhibits a diagram 
showing a cross-section view of a positive 
displacement pump. 


Characteristics of Steam Pumps 


These pumps, he points have 
three main characteristics: 

1—They will raise liquids without 
priming. 

2.—Their capacity, at constant speed, 
remains approximately the same regard- 
less of change in suction or discharge 
pressure, 

3.—The discharge pressure, at con- 
stant speed, is independent of the suc- 
tion pressure. 


out, 


The first characteristic, ability to raise 
liquids without priming, he explains in 
language as simple as possible; the other 
two he demonstrates by actually operat- 
ing the equipment under various con- 
ditions, 

After the demonstration the instructor 
ties in these characteristics with preven- 
tive maintenance, pointing out how they 
make it necessary to operate the pumps 
only in certain ways. All during the dem- 
onstrations he makes references to the 
correct manner of starting and stopping 
the pump. 

Finally, still on the subject of positive 
displacement pumps, he explains their 
advantages and disadvantages: 

Advantages—Flexible, good with vis- 
cous oils;.used principally for fuel oil, 
will not be found in gasoline service. 

Disadvantages—Slow speed, pulsating 
pressure; inefficient; too bulky for port- 
able use. 

Certrifugal pumps are then discussed 
in about the same manner, their funda- 
mental principle (centrifugal motion) be- 
ing demonstrated by whirling a weight 
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on the end of a string. Simple drawings 
are put on the blackboard to indicate 
how a centrifugal pump works, and the 
cover of a sample pump is removed to 
further illustrate the pump’s design 
features. At this point, with cover re- 
moved, the instructor mentions the 
danger of reversing the direction of rota- 
tion. 

The principle characteristics of the 
centrifugal pump as compared with the 
positive displacement type, he explains, 
are: 

1.—It must be primed to operate. 

2.—Capacity decreases, at 
speed, as pressure increases. 

3.—Discharge pressure 
suction lift increases, 

As with the positive displacement 
pump, he demonstrates the last two charc- 
teristics by actually operating the pump. 
Before starting up the centrifugal pump 
for the demonstration, however, he points 
out the proper starting procedure and 
mentions some troubles which may be 
encountered and which could harm the 
equipment. 


constant 


decreases as 


Parallel vs. Series Operation 


After these explanations of pump 
characteristics, the instructor spends 
a few minutes discussing parallel and 
series operation of pumps, Parallel opera- 
tion he actually demonstrates, showing 
how the two pumps, one with a capacity 
of 1500 gal./hr. and the other 6500 
gal./hr., in parallel have a combined 
capacity of 8000 gal./hr. 

Series operation he explains on the 
blackboard only, since the piping neces- 





TABLE 2—Cost of Centrifugal Pumps, 
Motors, Turbines, Parts 


Item Cost, $ 
Pump, motor and bearings used for 
this demonstration 900 
Explosion-proof motor, 5 HP, 3600 
RPM 115 
Explosion-proof motor, 200 HP 2,863 
High pressure, total feed, dual drive 
pump 12,550 
Steam turbine 5,375 
Radial bearings, Le Courteney pump 5 
Thrust bearings, Le Courteney pump 6 
Sleeve bearings, governor end of tur- 
bine ia 45 
Sleeve bearings, coupled : 85 
Stellited sleeves ce 200 
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Here’s what happens when Preventive 
Maintenance ISN’T practiced. LEFT 
ABOVE—Someone forgot to drain the 
condensate in this steam end of a re- 
ciprocating pump when he shut it down 
one day last winter. The water froze— 
and the chest cracked. RIGHT ABOVE 
—This pump sleeve, worth $200 new. is 
scored beyond repair, probably because 
a packing gland was drawn up too 
light. BELOW—Plug valves should be 
either open or closed. When they are 
only partially open, as this one was, 
the plug cocks become so worn that the 
flow cannot be shut off 





sary for actual demonstrations would be 
too complicated. He points out that the 
combined capacity of the two pumps 
in series is limited by the capacity of the 
smaller pump, that the discharge pres- 
sure is limited to that of the positive 
displacement pump if it comes last in 
the series, or that the discharge pressure 
is accumulative if the positive displace- 
ment pump comes first. Series operation 
of pumps in general is undesirable and 
should be avoided whenever possible. 

Finally, the instructor shows the class 
a chart giving the costs of typical pumps, 
motors, turbines, valves and parts, as 
illustrated in Tables 2 and 3, and exhibits 
parts that have been ruined by improper 
operation. 

Holding up a noisy bearing costing 
about $5 new, he points to it as a perfect 
example of Preventive Maintenance. “A 
good operator reported an unusual noise 
—it was this bearing—and probably 
prevented an expensive pump from 









being wrecked,” he says. “There have 
been many such instances where operat- 
ors have been alert and on their toes, 
and by proper warning have prevented 
serious and expensive shutdowns.” 
That concludes the Preventive Main- 


tenance Refresher course. After asking 
for questions, the instructor hands out 
printed cards which summarize the start- 
ing and stopping procedures, operation, 
and characteristics of both types of 
pumps. He finishes off on the note that 
“Bayway led the field in Preventive 
Maintenance for the war effort—now 
let us take and hold the lead in our 
peace effort. Let’s keep Bayway out in 
front by proper operation of our equip- 
ment,” thanks them for their attention 
and dismisses them. 


Nearly 500 Men Have Taken Course 


Both the original and refresher Pre- 
ventive Maintenance course were given 
over relatively short periods to the per- 
sonnel who were then employed and 
interested. The first course, in 1944, 
was given to 573 men, from Jan. 31 to 
March 11. The refresher course was given 
this past year to 489 men, from April 16 
to May 28. 

To take care of new personnel com- 
ing into the plant and of those who are 
upgraded or transferred to jobs involv- 
ing pump operation, Bayway plans to 
develop a third course which could be 
given periodically to all personnel who 
previously had not had any such instruc- 
tion. 

Through Preventive Maintenance Bay- 
way is finding out that there is still a 
good deal of truth in the old adage about 
an ounce of prevention. 





TABLE 3—Cost of Steam Pumps and 
Parts, Valves 


New Scrap 


Item Cost Value 
Bare pump, 7% in. x 5 in. x 10 
in. $425.00 $7.50 
Steam cylinder for above 108.00 2.40 
Liquid cylinder for above 180.00 2.98 
Liquid cylinder, 15 in. x 10% 
in. x 18 in. 1370.00 22.00 
8 in. Lubricated plug cock 40.00 0.50 
3 in. Gate valve, 150 psi 69.00 0.60 
20 in. Gate valve, 150 psi 1681.00 25.00 
42 in. Gate valve, 150 psi... 3078.00 50.00 
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VMOKKOW 


... IN PETROLEUM TECHNOLOGY 


Current technological and economic developments discussed 
here in the light of their future bearing on petroleum refining opera- 


tions include: 
& 


Several oil companies are already investigating the 


industrial application of atomic energy. 


improvements in processes for removing sulfur com- 


pounds show larger savings for refiners. 


® Possible new markets for propane are seen in the 
immersion freezing of perishable foods. 


@ Coal fired gas turbine locomotives should stimulate 
research on Diesel engine fuels and lubes. 


Atomic Energy Appears 
Economic for Near-Future Use 


In this age of competition among fuel 
industries—oil, coal, and natural gas—it 
is interesting to note that none of these 
seem to feel much perturbation concern- 
ing competition with that “new” source 
of energy—atomic (ruclear) energy. 

In fact, the natural gas industry has 
heralded this new source as a_ national 
safeguard against ill effects from the 
eventual depletion of its products and 
has vigorously challenged coal and cther 
interests who are seeking to limit further 
fuel uses of natural gas by use of the 
argument that supplies must be hus- 


barded. 


Dr. E. R. Gilliland of the Massachu- 
setts Institute of Technology has stated, 
in recent testimony before the FPC, that 
many scientists estimate that atomic 
energy will be available for industrial use 
in 5 to 25 years and that he believes that 
atomic powered naval vessels will be de- 
veloped in less than 10 years. Dr. Gilli- 
land feels that there is no economic justi- 
fication for restricting the use of natural 
gas from fear of depletion and that, while 
atomic energy as a source of power may 
not completely displace other fuels, it is 
certain to reduce dependence on them(?). 

E. V. Murphree, executive vice presi- 
dent of the Standard Oil Development 
Co., has recently presented‘) some very 
pertirent facts and figures on the present 
state of atomic energy. Dividing his dis- 
cussion into mention of five problems, 
Murphree states that “those dealing with 
control, protection from radiation, and 
adequate supply of raw material may be 
considered as essentially solved, so far 


(1) Anon., NATIONAL PETROLEUM NEws 38, 
No $1, 37 (1946), “Gas Industry Can 
Meet Northeastern Fuel Market Demands, 
De Golyler Tells FPC and Coal Interests.” 

(2) Murphree, E. V., The Lamp 28, No. 8, 
8 (1946), “Power from Atoms: How 


Soon?” 
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as they concern large installations such as 
would be used in central powerhouses and 
on ships. The two remaining problems; 
that is, how to convert atomic energy into 
useful energy and the economics of so 
doing, are definitely related, and _ their 
solution from the standpoint of commer- 
cial energy is a challenge to the develop- 
mert and engincering skill of the world. 
Several companies, including the Stand- 
ard Oil Company (New Jersey), are al- 
ready investigating industrial applications 
of atomic power.” 

According to Murphree, “it is believed 
that readily available deposits (of urani- 
um) are of the order of 30,000 tons” 
—which contain, however, only 210 
tons of readily-fissionable U-235. By 
proper design, however, the amourt of 
plutonium created from U-238 by use of 
U-235 can be made equivalent to the 
U-235 destroyed, and “the plutonium so 
produced will, on fissioning, in turn pro- 
duce an equivalent amount of new 
plutonium. 

“By continuing this process, all of the 
normal uranium (U-238) can eventually 
be utilized to give atomic energy. Since 
one pound of uranium when fissioned 
gives heat equivalent to that of 6,000 
bbls. of oil, 30,000 tons of uranium would 
be equivalent, from the standpoirt of 
energy production, to 360 billion bbls. 
of oil, or about 18 times the proved U. S. 
reserves.” Thorium, another heavy metal, 
can be converted by neutron absorption 
into another fissionable uranium isotope, 
U-233, so that its resources (unmen- 
tioned) may also be added to the poter- 
tial supply. 

“For production of power at central 
pewer stations or in ships, pure fission- 
able materials such as U-235 will not be 
necessary and may not be desirable. Nor- 
mal uranium can be used for this purpose, 
or normal uranium enriched with U-235 
or plutonium. As an alternative, thorium 
may be used with added U-235 or plu- 
torium. The presence of nonfissionable 


material such as U-258 or thorium is de- 
sirable so that new fissionable material 
may be created as fissionable material is 
consumed. U-233 on fissioning liberates 
roughly 36 billion Btu per lb. This is, the 
rough equivalent of 6,000 bbls. of fuel oil, 

“The cost of production of pure U-235, 
even if produced in improved plants, will 
be high, amounting to perhaps $40,000 
to $50,000 per Ib. From the standpoint 
of heat, this would be equivalent to fuel 
oil at around $8 per bbl., compared to 
present selling prices in New York Har- 
bor cf $1.72 per bbl. as of July 1, 1946. 

“Normal uranium, as brought out pre- 
viously, contains about 0.7 per cent of 
U-235. The U-235 in a pound of normal 
uranium is therefore the equivalent of 
0.7% of 6,000 bbls. of fuel oil, or about 
42 bbls. The cost of production of normal 
uranium metal may be of the order of 
$4.00 per Ib. On this basis, the cost of the 
U-235 in normal uranium from a heat- 
producing standpoint measured in terms 
of fuel oil would be around ten cents per 
bbl. It can be seen, therefore, that basic- 
ally atomic energy can be cheap providing 
it mav be economically liberated and con- 
verted into a usable form of energy, such 
as electricity. 

“This is the problem for the future: 
from here on it is primarily a develop- 
ment and engineering problem, for it 
may be said to be largely out of the re- 
search phase.” 


Murphree Joes not anticipate cvernight 
widespread use, by any means, but he 
points to the fact that, whatever the dis- 
rupting influence on our economy, “it has 
never been the policy of science to retard 
any new discovery which hclds promise 
for the welfare of mankind.” His article, 
despite its nontechnical nature, is unusual- 
ly specific in this period of atomic energy 
generalities. 


Tannin Solutizer Process 
Continues to Show Possibilities 


Mercaptan removal from gasolines, in 
recent years, has been the subject of con- 
siderable attention. This has been occa- 
sioned by the trend toward the use of 
ever-increasing quantities of high-sulfur 
crude oils and the consequent necessity 
for the removal of sulfur compounds 
which are both objectionable and dele- 
terious. Doctor sweetening and _ similar 
processes which charge organic mercap- 
tans to less-objectionable disulfides have 
proved highly economic in the past but, 
unaided, are often not equal to the task of 
meeting present specifications. 

Among the newer processes designed 
specifically for economic mercaptan re- 
moval are the Solutizer process, modifica- 
tions thereof, such as the Tannin Solu- 
tizer process; and somewhat similar meth- 
ods, such as the Unisol process. 

The Solutizer process takes advantage 
of the fact that when certain organic acids 
such as isobutyric acid are added to an 
alkaline solution and the resulting alkali 
isobutyrate (such as potassium isobuty- 
rate) is contacted with a meréaptan-con- 
tainirg gasoline, the mercaptans are al- 
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most completely soluble in the treating 
solution and are removed by it. 

It was subsequently found that a simpli- 
fication of the caustic regeneration step 
is provided if an oxidation promoter cr 
catalyst, such as tannin, is added to the 
Solutizer solution, and that this addition 
effects a corsiderable saving. This modi- 
fied treatment is known as the Tannin 
Solutizer process and has now been in 
actual use for three or four years. A gen- 
eral discussion of its advartages was re- 
ported a few years ago in Nationar Pr- 
TROLEUM News(®), 

A recent advertisement presents the ex- 
periences with this process of a_ refiner 
operating a small unit, processing about 
1,000 b/d of a refinery blend of full- 
range, straight run and cracked gasolines 
containing roughly 0.06 weight per cent 
of mercaptan sulfur. Using its original 
charge of treating solution, this plant has 
been in continuous cperation for three 
years, producing a treated gascline which 
is leaded to 76 octane (motor method). 
Actual costs over the three-year period 
were said to be as Table 1. 

As the advertisement says, everyone has 
his own way of expressing profitability, 
and it is likely that some economists will 
object to the over-simplification of the 
example used—no depreciation factor is 
included, no details to make possible cal- 
culation of savings over dcctor treating, 
etc.—but the figures are nevertheless sig- 
nificant, showing as they do the savings 
which are possible by the use of this new 
process in a converted doctor sweetening 
plant, 

Operating cost figures reported in the 
general literature are not too specific, but 
it would appear that the direct operati 
costs for a regular Solutizer plart of 12,- 
000-15,000 b/d capacity, including 
utilities and labor, are approximately 
1.25-1.5 c/B of charge, compared with 
about one cent per barrel for dector 
sweetening. Charge stock losses are said 
to be almost unmeasurable in the solutiz- 
ing of gasoline, however, while doctor 
treating losses are said to be 0.5-0.75 
per cent, 

Even lower operating costs are reported 
for the Tannin Sclutizer process, perhaps 
0.4-0.5 c/B, and it is claimed that plant 
investment costs are reduced 15% by the 
simplification in the regeneration process. 


Immersion Freezing of Foods 
Offers Possible Propane Market 


It is no secret by this time that the 
freezing preservation of foods has become 
a large-scale industry. The public, how- 
ever, has been so intent on the products 
themselves that only the food processing 
companies, research laboratories, and a 
few individuals are really aware that 
more than one freezing process exists 
and that product quality, all other factors 
(3) La Croix, H. N., NATIONAL PETROLEUM 

News, Technical Section, 36, No. 3, 
R-170 (1944), “Improved Refining of 
Sour Crudes by New Tannin Solutizer 
Process.” 


TABLE 1—Costs and savings in 
operating a Tannin Solutizer pro- 
cess over a three-year period 

Debit 
Initial cost of converting plant from 


doctor operation ... ... § $8,000 
Initial cost of inventory of treating 
solution ; 1,210 
Chemicals (make-up) 1,280 
Utilities ny 3,600 
Maintenance .. 720 
Labor (1 man, 1 shift) 13,052 
Total $ 22,862 
Credit 
Saving in tetraethyl lead $138,000 
Credit for by-products 1,080 
Total $139,080 
Savings (for three years) $116,218 





aside, often depends largely wpon the proc- 
ess used. 

It is an acknowledged fact in the food 
freezing field that, for most products, the 
faster the freezing, the better the quality 
of the frozen food. Despite this, many 
of the commercial processes depend upon 
heat transfer through metal plates, often 
in contact with the foods already pack- 
aged in insulated (cardboard, etc.) con- 
tainers. Somewhat betier in principle are 
the air blast freezers in which refrigerated 
air is blown through tunnels through 
which the products to be frozen pass on 
wire screen belts or on trays in push 
trucks. 

As petroleum technologists can under- 
stand, however, the best freezing proc- 
esses from a scientific standpoint are those 
in which the products are immersed in 
the freezing media. 

Salt brine has long been the chief 
lreezing media, especially in the freez- 
ing of fish, but even here it has been 
found somewhat undesirable. Glycerine 
solutions, invert sugar solutions, and even 
liquid carbon dicxide and liquid air have 
all been employed at least experimentally, 
with specific advantages in each case. 

OPB report have revealed that the 
Germars were conducting full-scale ex- 
periments on the use of liquid nitrous 
oxide, with excellent technical success 
insofar as the process was concerned. Un- 
like most of the immersion freezing proc- 
esses, this one made use of the latent heat 
of evaporation of the media in addition 
to its specific heat, the vaporized nitrous 
oxide being reliquified and recycled. 

It is interesting to note) that at least 
two patents(>. ©) exist on the use of pro- 
pare in a very similar manner. Propane, 


(4) Weil, B. H. and Sterne, F., Literature 
Search on the Preservation of Foods by 
Freezing, Georgia School of Technology, 
State Engineering Experiment Station 
Special Report No. 23, June, 1946. 420 
pages. 

(5) U. S. 1,944,857, Jan. 23, 1934, H. V. 
Atwell (to Standard Oil Co. of Ind.), 
“Apparatus for Quick Freezing of Foods 
Such As Fruits, Vegetables, and Meats.” 

(6) U. S. 2,020,719, Nov. 12, 1935, R. R. 
Bottoms (to Girdler Corp.), ‘“‘Solidifying 
Liquid Materials Such as Milk, Fruit 
Juices, Soap, or Resins, in Finely Sub- 
divided Form.” 


in a pure form, would seem to possess 
many advantages. Being a gas under nor- 
mal conditions, it might be expected that 
little or none of it would remain on the 
frozen product—certainly no more than 
for nitrous oxide. It is readily available 
throughout the country at very low cost 
and even if recycling were very nearly 
perfect, it would have an economic ad- 
vantage over more expensive media. 

It seems strange that little or nothing 
has been published on the use of pro- 
pane (or other liquefied petroleum gases ) 
since the aforementioned patents ap- 
peared. While a quantity market might 
not be easily developed, it does appear 
that at least further research is in order 
in this field, nor is it improbable that 
such research will be long forthcoming. 

The frozen foods industry already em- 
ploys large quantities of another petro- 
leum product—paraftin wax—on its card- 
board cartors and paper wrappers. It is 
to be expected that other products will 
find their use in this field. 


Coal-Fired Gas Turbine 
Locomotives Face Actual Tests 


Encouraged by experiments and by eco- 
nomic calculations on their significance. 
the Locomotive Development Committee 
—a group representing six important east- 
ern railrcad systems and three large coal 
producing companies—has recently au- 
thorized the purchase of two full-size gas 
turbines and special locomotives in which 
they will be installed”). 

Coal interests hope that such locomo- 
tives will be the answer to the growing 
threat of oil-burning Diesel locomotives, 
and the subject has recently been attract- 
ing much attention(*). The trial locomo- 
tives “will use an electric drive similar to 
that employed in the Diesel-electric loco- 
motive,” but “the committee hopes event- 
ually to develop a direct drive turbine ]o- 
comotive‘*), 

Apparently, the research conducted in 
cooperation with the Bituminous Coal In- 
stitute has resulted in the elimination of 
95% of the fly ash cortent of the coal 
combustion gases before they enter the 
turbine, through use of cvclone separators. 
Thus the blades and walls of the gas tur- 
bine will not be scored, and the use of 
coal becomes technically possible, 

Economically, the coal-fired, gas tur- 
bine locomctive shows a_ considerably 
lower thermal cfficiency than the Diesel- 
electric but-burns a far cheaner fuel. ‘The 
experimental engines are defiritely needed 
to give some idea of the available road 
time to be expected, actual costs, and per- 
formance quality, but the petroleum 1n- 
dustry will do well to pay close attention 
io the results and to encourag® Diesel cn- 
gine research, for it is by no means cer- 
tain that these tests will not be successful. 

(7) Anon., Business Week, No. 882, 44 
(1946), “Test Turbines Ordered.” 

(8) Anon., NATIONAL PETROLEUM NEws, 
Technical Section, 38, No. 82, R-563 
(1946), “Coal-Buming Gas Turbine Lo- 
comotives May Supplant Diesel-Electrics.”’ 
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government-financed 
gasolire plants are in operation, and these 
few mostly on a month-to-month leasing 
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What's Happened to the ‘Avgas’ Plants? 


Little Progress Made in Disposing of Government's Wartime 
Gasoline Manufacturing Facilities. Oil Companies Find Only 
Limited Use for the Plants as They Stand Today. Two Butane 
Isomerization Units Converted to Catalytic Polymerization 


YEAR after VJ Day, only a handful 
of the processing units in the 24 
wartime aviation 


arrangement. None are making entirely 


the aviation fuel components for which 
they were designed. 


Most of the plarts have been shut down 
sirce soon after the close of the war and 
they still stand idle inside a fence marked 
Government Property”, Only one plant 
has been sold to an oil company for op- 


eration of the existing facilities. 


In a survey recently completed by the 
Editors of Perrotrum Processinc it was 
found that: 

Six of the 14 catalytic cracking plants 
i: stalled are in operation and eight are 
shut down. 

Of 19 alkylation units installed, only 
four are in operation, making motor 
fuel components. 

Of the 13 butane isomerization units 


und one pertane isomerization urit con- 


structed, mainly to complement the al- 
klation units, none are in operation as 


far as reported. However, two isomeri- 


zation units have been converted to 


catalytic polymerization by the oil com- 
paries at whose refineries they were in- 
stalled. More oil comparies are figuring 
on such conversions. 


Part of the government-owned facili- 


ties at two plants have been turned over 
to the Rubber Reserve Corp. for produc- 


tion cf butylenes for synthetic rubber. 
The small number of auxiliary hydro- 


genation, dehydrogenation and other proc- 
essing units which were included in the 
government’s program also are entirely 
out of service. In a few instances these 
are being dismantled and sold piece-by- 
piece by the War Assets Administration. 


Accompar ying Table 1 shows in detai! 


the facilities installed in the government- 


financed aviation gasoline plants and 


their current status. 


DPC Spent $235,675,000 


The total Defense Plant Corp. appro- 
priation for the 24 plants was $235,- 
675,000. The government program also 
included four cyclirg or condensate plants 
installed near Corpus Christi, Texas, at 
an additional appropriation of $3,028,000. 
However, these cycle plants are not in- 
cluded in this study. 

Of the 24 “avgas” plants, only one is 
a complete plant, even to crude charging 
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stills, This is the refinery of J. A. Aber- 
crombie and Magnolia Petroleum Co. 
at Sweeney, Texas, declared surplus 
property last January. Another refinery, 
Associated Refiners Inc., Beckett, Okla., 
is Iccated apart from other refineries, 
but has no crude distillation facilities and 
depended for its operation on feed stocks 
from eight refiners located in the area. 
In all other cases the DPC processing 
facilities were irstalled inside or adjacent 
to existing refineries, which operated them 
during the war. 

While the government’s investment in 
aviation gasoline manufacturing facilities 
of $235,000,000 is no small amount, 
it is less than half of the $638,000,000 
private capital invested by oil companies 
in aviation gasoline plants during the war. 
Of the total production in the U. S. of 
100-octane g2soline or better, of 550,000 
b/d in March, 1945, the government- 
financed plants were contributing some 
69,000 b/d, or about 12.6%. 


Not Wanted for Standby Use 


In view of the small proportion of total 
aviation gasoline requirements cortribut- 
ed by the DPC plants, at the close of 
the war it was decided by the military 
authcrities that it was not necessary for 
the government to retain the plants for 
standby purposes. It was also recognized 
that technological improvements in avi- 
ation gasoline processes would soon make 
the existing plants obsolete, and_ that 
the equipment would deteriorate rapidly 
if not used. So it was decided that the 
government’s plants were to be disposed 
of. 

The government policy adopted was 
to dispose of the plants as operating 
entities as promptly as possible. Recog- 
nizing that in most cases immediate dis- 
posal by sale would not be possible, 
two types of leasing arrangements were 
announced, One type was the so-called 
long term interim lease, under which 
the operator would undertake to con- 
vert the facilities to some peacetime 
use, assuming the cost of the conversion. 

The lease terms were to be favorable 
io the operators, to encourage them to 
go ahead and work out new uses for 
the facilities. Operating data for the 
units during the interim period, together 
with the conversion cost, was to be the 
basis for later appraisal of the property 
for final disposal to the oil company. 
The other type of leasing arrangement 


was a standby lease, under which facili- 
ties not economically usable for their 
designed purpose under postwar condi- 
tions might be operated and maintained 
for other uses, with the hcpe that eco- 
nomic factors might later make possible 
a use more closely approaching the op- 
eration for which they were designed. 


Patent Arrangements Worked Out 


Patert arrangements for the several 
processes installed were worked out when 
the plants were built so that the processes 
are available to subsequent postwar op- 
erators on the same terms as to licensees 
in private plants. Some of the contracts 
between the process owners and the Pe- 
troleum Administration for War provided 
options for postwar operations. 

In view of these factors encouraging 
disposal of the government-firanced 
plants, PerroLeuM Processinc’s Editori- 
al Staff has checked with many sources 
to learn why so little progress has been 
made in the disposal program. Here are 
the reasons as given both by plant oper- 
ators and the engineers who designed the 
plarts: 

Construction costs of the wartime plants 
were 30 to 40% above the comparable 
prewar costs and also considerably more 
than would be required to build similar 
plants today. The high construction fig- 
ure was caused by high labor costs, de- 
lays in receipt of materials and equip- 
ment, use of substitute materials which 
called for changes in design, ard also 
by improvements in design which were 
made after plant censtruction had actually 
started. Any disposal program based on 
the high wartime costs will handicap 
a refiner who has to compete with com- 
panies carrying a lower figure for plant 
investment. 


Private Plants Costs Written Off 


As cortrasted with the investment cost 
in the government-owned plants, the 
arrangements with the oil companies for 
the financing of the privately-owned 
wartime plants permitted a substantial 
part of the original investment to be 
written off through accelerated amorti- 
zation privileges and special reimburse- 
ment plans. Facilities costing approxi- 
mately $500,000,000 have been certified 
under the accelerated amortization plans, 
the Surplus Property Administration has 
reported. Under the reimbursement plan 
many extraordinary construction costs of 


9 











CALIFORNIA'S LARGEST 
CYCLING PLANT USES 
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t the South Cole’s Levee Unit Cycling Plant, Ohio Oil Co., 
)perator, gas is returned to the sand at the rate of 45,000,000 


Consider These Clark “Angles” 
. ft. per day under 3,700 Ibs. pressure. 


1. Clark 2-cycle economy and 
Nine Clark 600 BHP Right Angle gas-engine-driven units dependability, proved repeatedly 


: . . . . in many types of plants, under 
pmprise the compressor installation in this modern plant, ¥ "yP oe 
most exacting conditions. 


rhich is located on Buena Vista Lake at the base of Elk Hills, 
2. “Custom-tailored” to fit pre- 
cisely the type of processing and 
obutane, normal butane and natural gasoline. special requirements involved. 


Salifornia. Products manufactured are condensate, propane, 


3. Comprehensive engineering 


LARK BROS. CO., INC., Olean, New York service from inception of the 


~;, YORK * TULSA * HOUSTON « CHICAGO «* BOSTON * LOS ANGELES project to operation in the field. 
z LONDON «+ BUENOS AIRES * CARACAS, VENEZ. 
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private operators have been paid directly 
by the governme:t. This has provided 
a material competitive advantage in the 
form of low capital costs for the pri- 
vately owned refiners, with whom op- 
erators of government-owned plants must 
compete, 

Tne wart'me catalytic cracking, alkyla- 
tion and isomerization processes were 
only in an experimental stage at the start 
of the war and the experimertal designs 
were “blown up” to full scale commer- 
cial units in the government plants with- 
cut being proved out in large scale ex- 
perimental or semi-commercial units. They 
lack many of the mechanical improve- 
ments that have been made in later de- 
signs. The refiners have asked their en- 
gineering departments if it would not be 
sounder policy to build an entirely mod- 
«rm plant, in place of buying a_ plant 


already obsolete. 

The postwar price for motor fuel in 
relation to the price of crude has not 
been high erough to justify the refiners 
engaging in catalytic cracking, since the 
octane requirements of fuels for cars 
on the road today can be met with their 
pre-war gasoline manufacturing equip- 
ment. 


Operating Costs Are High 


Operating costs of the wartime aviation 
gasoline plants are said to be unduly 
high for the foilowing, among other rea- 
sons: 

1—The plants were designed and con- 
structed for maximum production of avi- 
ation gasoline components. They lack 
the flexibility to be operated efficiently 
for motor fuel output. 

2—In many instarces the DPC plants 


were built entirely separate from the par- 
ent refineries and included separate boiler 
plant and public utility facilities, in 
place of having such facilities an integral 
part of the entire refinery. Separate fa- 
cilities add to operating costs. 

3—The refinery, ircluding the DPC 
units, is out of balance either on crude 
supply, or supply of fractions for further 
processing; or it is out of balance with 
the refiner’s market demand when in 
continuous operation, One refiner who 
operated a wartime catalytic cracking 
unit intermittently, to avoid over-produc- 
ing gasoline, quit after he lost $400,000 
in six months. 

4—A good many of the DPC installa- 
tions of catalytic crackers and alkylation 
and isomerization units are smaller than 
similar type installations in privately 
cwned plants, and their per-bbl. operating 





Table 1—Present Status of Government-Owned Wartime Aviation Gasoline 


(Revised from Report of the Surplus Property Administration) 
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Catalytic Alkylati someriza- Maj inci 
a and Plant Cracking ro 3 De —_ as” aes — - wae Auge 1 1046 
ocation Cap. B/De2 Cap. B/D2 Except Utilities 
J. § Abercrombie Fluid HF Butane Crude dist. H.O cooling, TEL Shutdown. 
& Magnclia Pe- 2-stage 4,000 1,500 22.000 b/d, blending, acid 
. troleum Co. 13,000 isobutane thermal reform- treating, barge 
reg fi Texas gas oil ing 7,000 b/d and ocean _termi- 
27,987,000 charge nals, storage. 
Anderson - Prichard H.O cooling, stor- Operating gas concen- 
_ Refining Corp. age. tration, cooling and 
Cyril, Okla. storage units under 
$245,000 lease. 
Ashland Oil & Re- — T.C.C. HF Butane Loading racks, Shutdcwn. 
7 fining Co. ; 2-stage 3,000 1,300 TEL blending, CS 
Catlettsburg, Ky. 10,000 isobutane blending, Girbotol 
$16,500,000 gas oil unit, storage. 
Associated Refiners Fluid F Butane H,O cooling, TEL Shutdown. 
. a. “a Pye 2,200 250 blending, storage, 
eckett, a. 006 isobutane i acks 
914,868,000 ge isobutane loading racks. 
~~ Petroleum Loading racks, Operating under 
Jorp. ase. 
Denver, Colo. oe _ 
$128,000 
Continental Oil TCC. HF Butane Straight run TEL blending, Operating TCC & al- 
e Co. 2-stage 3,000 1,500 stabilizer, loading racks, H,O  kylation units; isomer- 
Ponca City, Okla. 20,000 isobutane delayed coker cooling, CS blend- ization unit shutdown. 
$16,452,000 gas oil gas oil tower’, ing, storage. 
—— Refin- Fluid HF Butane H,O cooling, TEL Fluid & alkylation 
out ; 1-stage 1,000 400 blending, storage, units shutdown; iso- 
pops ~y Kan. 3,800. isobutane 4-in. pipeline to merization unit con- 
016, gas oil Sinclair Refinery. verted to “poly” plant. 
Crown Central T.C.C HF Butane H,O cooling, stor- Shutdcwn. 
Petroleum Corp.  2-stage 3,500 1,300 age. 
Pasadena, Texas 10,000 isobutane 
$16,063,000 gas oil 
Eastern States Pe- Fluid HF Butane H,O cooling, TEL Operating Fluid unit; 
—— A Ine. eo 1,600 roe po ge loading alkylation & isomeri- 
ouston, Texas 5, isobutane racks, storage. ti its shutdown. 
$10,351,000 gas oil ’ ee 
be Frontier Re- Fluid HF Butane Crude dist.* Sweetening unit, Operating Fluid unit, 
» ning Co. l-stage 1,100 450 2,200 b/d, TEL blending, isomerization con- 
i, Wyo. 2,700 isobutane thermal reform- loading racks, verted to “poly” plant: 
$7,892,000 gas oil. ing. H,O cooling, alkylation shutdown. 
storage. 
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A PETROLEUM PROCESSING Survey 





Wartime Operator, 
Costi and Plant 
Location 


Great Southern. 
Corp. 

Corpus Christi, 
Tex. 

$11,172,000 


Humble Oil & Re- 
fining Co, 

Baytown, Tex. 

$4,368,000 


Mohawk Petro- 
leum Corp. 
Bakerfield, Calif. 

$4,680,000 


Pan American Pet- 
roleum & Trans. 

Texas City, Tex. 

$2,873,000 


The Pennzoil 
Company 
Oil City, Pa. 

$4,485,000 


Premier Oil Refin- 
ing Co. 

Cotton Valley, La. 

$6,450,000 


The Pure Oil Com- 


pany. 

Smiths Bluff, Tex. 

$3,415,000 

Republic Oil Re- 
fining Co. 

Texas City, Tex. 

$11,234,000 


Root Petroleum 
Co. 

El Dorado, Tex. 

$6,219,000 


Southport 
eum Co.5 
Texas City, Tex. 
$11,543,000 
Standard Oil Com- 
pany of Calif. 
Richmond, Calif.¢ 
$21,348,000 


Petrol- 


Standard Oil Com- 
pany of N. J. 
Baton Rouze, La. 

$3,520,000 


Utah Oil Redaning 
Co. 

Salt Lake City, 
Utah. 

$15,382,000 


Wilshire Oil Co.. 
Inc. 

Norwalk, Calif. 

$8,561,000 


Total cap. b/sd 





Dh Ole 


Catalytic 
Cracking 
Cap. B/De2 


Fluid 
12,000 


gas oil. 


F.C.C. 
4,600 


gas oil. 


Houdry 
l-stage 
13,000 
gas oil. 
T.C.C. 
2-stage 
14,000 
gas oil. 


Fluid 
]-stage 
8,500 


gas oil. 


Fluid 
l-stage 
4,000 
gas oil. 


130,600 


. Actual wartime cost as of Nov. 30, 1945. 
. Unit capacities are for high octane gasoline preduction on a stream-day basis. 
. Operator obligated to buy facilities at cost less depreciation. 

DPC contract calls for removal of plant if not purchased by operator. 
Name changed to American Liberty Oil Co. on July 1, 1945. 

. All units located on land owned by Standard Oil Co. of California; DPC lease on land expires in 1967. 


Alkylation 
Cap. B/D2 


HF 
1,500 


HF 
1,000 


HF 
1,500 


HF 
2,200 


H,SO, 
1,330 


HF 
1,800 


HF 
1,300 


HF 
1,600 


HF 
3,200 


HF 
1,750 


39,580 


Table 1—Continued 


Isomeriza- Other Major 
tion Units 

Cap. B/D2 
Thermal re- 
forming, dehy- 
drogenation, 
naphtha 
preparation 
unit. 
Hydrogenation4 
13,000 b/d 
charge. 

Butane Thermal 

450 reforming, 

isobutane pentane split- 
ter. 

Pentane Pentane 

2,400 splitter. 

isopentane 
Dehydrozven- 
ation 750 b/d 
butylenes. 
Thermal 
cracker 5,000 
b/d_ charge. 

Butane 

250 

isobutane 

Butane Butane- 

1,400 pentane 

isobutane splitters. 
Hydrogenation 
or CS manu- 
facture, 11,000 
b/d charge. 

Butane Naphtha frac- 

1.000 tionator 5,000 

isobutane b/d feed, hy- 

naphtha drogen genera- 

1,500 tor 350,000 
CF/D. 

Butane 

1,000 b/d 

isobutane. 

13,800 


Principal Attendant 
Facilities 
Except Utilities 
H,O cooling, TEL 


blending. 


8,000 b/d feed 
charge. 


TEL blending, 
loadinz racks, 
tankage. 


H,O cooling, 
storage. 


H,O cooling, TEL 
blending, loading 
rack. 


H.O cooling, TEL 
blending, loading 
racks, tankage. 


H,O cooling, TEL 
blending, storage, 
loading rack. 


Girbotol unit, 
treating, H,O 
cooling, storage 
TEL blending. 


H.O cooling, load- 
ing rack, pipeline, 
TEL blending, 


storage. 


H.O cooling CS 
blending, HCL 
generator, TEL 
blending, H,SO, 


recovery. 


TEL blending, 
H.O cooling, load- 
ing rack, storage. 


Status 
Aug. 1, 1946 


Turned cved to Rub- 
ber Reserve for buty- 
lenes production. 


Part sold to Humble, 
rest to be sold by 
WAA. 


Leased to Standard 
Oil Co., California. 
Alkylation unit 
operating. 


Shutdown. 


Shutdown. 


Alkylation unit shut- 
down; other units to 
Rubber Reserve. 


Shutdown. 


Operating Fluid 
unit under interim 
lease; alkylation unit 
shutdown. 


Shutdown. 


Shutdown. 


Operating TCC, alky- 
lation unit under 
lease; isomerization 
unit shutdown. 


Shutdown. Disman- 
tling and sale by 
WAA approved. 


Operating Fluid 
cracking & alkylation 
units through pur- 
chase; isomerization 
unit shutdown. 


Shutdown. 


Gas concentration and public utilities facilities not shown on table are in. 
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OIL-FIELD DRILLING 


ALCO 


Oil-Field Boilers 
Diese! Engines 


BEAUMONT 


Crown Blocks 
Traveling Blocks 
Draw Works 
Coring Reel Units 


From Well to 
Finished Product | 


Acquisition of the Beaumont Iron Works Com- i 
pany by American Locomotive Company joins 
Beaumont oil-well drilling and production te 
equipment with ALCO heat exchangers, pressure 
vessels, prefabricated piping, and diesel en- 
gines in complete coverage of the oil industry. 
The new setup benefits every user of ALCO or 
BEAUMONT products by utilization of facilities 
in Beaumont, Texas for maintenance of equip- 
ment. Since practically all calls for service in 
the oil industry are urgent, the importance of ee 
this shop in Beaumont cannot be overstressed. 





* 

: 

‘ 
Ba 
i 


SRT RETR CRE INES 
Sa CE : 


Also, union of the two organizations reduces i 
contacts necessary to procure a wide variety of , 
dependable equipment. Some of the ALCO and 
BEAUMONT “dreadnaught” products now used 
extensively in the oil and associated chemical 





production processes, are listed herewith. In- OIL REFINING 
quiries for information, equipment, or engi- ALCO Tank Suction Heaters « Heat Exchangers + Air-Cooled Heat Exchangers ALCO 
+ Pressure Vessels « Prefabricated Piping + Diesel Engines « Evaporators : Exchar 


neering or other service, will be promptly and 


BEAUMONT Alloy Steel Castings Boi ers 
competently handled. 


Typical ALCO-BEAUMONT Equipment Helps Oil Production Pr 

















BEAUMONT DREADNAUGHT ALCO 


Draw Works, Crown Blocks, Traveling Pressure Vessels. Columns, Heat Exchangers, Shell 
Blocks, “Christmas Trees” Converters, Reactors and Tube and Air-Cooled 











IL-FIELD PRODUCTION 
= "= : ' | RECYCLING AND 
ALCO s | — = GASOLINE PLANTS 
Power-Plant Equipment 
(Boilers, Feedwater Heaters, < : i: - ALCO 
Evaporators, 2 asf 2 Tank Suction Heaters 
Fuel Oil Heaters, my! rie Heat Exchangers 
Lubricating Oil Coolers, Pe Air-Cooled Heat Exchange 
Jacket Water Coolers) ae | Pressure Vessels 
sf . t Pi . 
BEAUMONT Prefabricated Piping 


Diesel Engines 
“Christmas Trees” 


Flow-Line Fittings le — Bi = BEAUMONT 
Tubing Heads eer i @ woe Steel Fittings 
Casing Heads : : 








SPECIAL PROCESS PLANTS 


ALCO Tank Suction Heaters « Heat Exchangers + Air-Coo!ed Heat Exchan 
ALCO Ciesel Engines (Pump Stations) « Prefabricated Piping + Air-Cooled Heat _ « Pressure Vessels + Prefabricated Piping + Diesel Engines + Evaporat: 
Exchangers + Sheil and Tube Heat Exchangers » Open Sections « Waste Heat __ Waste Heat Boilers « Feedwater Heaters + Jacket Water Coolers + Lubric« 
Boi ers + Pipe-Line Filters « BEAUMONT Steel Fittings _ Oil Coolers + Fuel Oil Heaters « BEAUMONT Steel Castings 


PIPE LINES (For Crude and Finished Products) 


- 





Processing, and Profits 





American 
Locomotive 


F 30 CHURCH ST., NEW YORK 8, N. Y. 
ALCO ALCO : Beaumont Iron Works, Beaumont, Texas 


Evaporators, Condensers, Diesel Engines Pipe-Line Filters or 534 Mellie Esperson Building, Houston 2, Texas 
Feedwater Heaters 
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costs are relatively higher than for the 
larger units. 

5—Some of the wartime units were 
built with only minimum requirements 
of valves, by-pass lines, heat exchangers, 
pumps and so on, because of the short- 
age of these items at the time of con- 
struction. Standby installations have been 
omitted, which increases mairtenance and 
repair problems with the existing equip- 
ment. 


130,600 b/d Cracking Capacity 


Total charging capacity of the 14 gov- 
ernment-owned catalytic cracking plants 
is 130.600 b/d, according to figures 
of the Petroleum Administration for War, 
This compares with about 1,000,000 b/d 
total catalytic cracking capacity in the 
country at the clese of the war. 

The 14 plants in the latter part of the 
war were operating at a gas oil chargirg 
rate for aviation gasoline production of 
109,900 b/d, acording to a report of 
an industry committee to a special Senate 
committee investigating petroleum re- 
sources. This was divided among the 
three processes installed as follows: Fluid, 
63,200 b/d; Thermofor, 40,300 b/d; 
Houdry, 6400 b/d. 

When operated once-through for motor 
fuel production, as compared with re- 
treating operations when makirg aviation 
gasoline, as done in some plants, the 
same rate of operations would be ex- 
panded to 162,110 b/d charging rate, 
it was estimated. This was divided among 
the three processes as: Fluid, 69,400 b/d; 
Thermofor, 82,210 b/d; Houdry, 10,- 
500 b/d. Motor fuel output at some 
plants would be more than twice that 
of aviation gasoline base stock. 

Of the 14 plants, six are now runring 
(See Table 1), with a gas oil charging 
capacity for aviation gasoline yield of 
62,200 b/d. In the report mentioned 
above, these six plants were actually 
operating at a gas oil charging rate 
for aviation gasoline cf just under 50,- 
000 b/d, and their motor fuel productive 
capacity was rated at 80,600 b/d. Three 
of the plants runring are under 10,000 
bbls, design capacity and three over. 

Of the six plants, four are operating 
under a morth-to-month leasing arrange- 
ment. The plant of the Standard of Cali- 
fornia, at Richmond, is on an 11-morth 
lease and the plant of the Utah Oil Re- 
fining Co., Salt Lake City, was purchased 
by the Utah compary in June. This 
is the only DPC wartime plant sold to 
an oil comnany for operation of the 
existing facilities. 

It has been reported that certain chem- 
ical manufacturing interests outside the 
oil industry have considered the possibili- 
ty of using a government-owned catalytic 
cracking irstallation in connection with 
an alkylation unit, for securing light 
olefins for chemical manufacture, Rais- 
ing the reactor temperature, but keeping 
within the normal range of operations, 
would increase the proportionate yield of 


16 


olefins. Very limited operation of catalytic 
crackers for this purpose, however, would 


supply all the olefin materials that could ~ 


possibly be used in the manufacture of 
chemicals. 

In discussing the disposal of the DPC 
catalytic cracking plants for postwar op- 
eration, the Surplus Property Adminis- 
tration stated as follows in its report of 
Jan. 14, 1946: 

“In peacetime operation directed 
toward the production of motor gasolines, 
operating costs per gallon of product 
should be less than during the war. 
Many refiners will turn to natural 
clay catalysts rather than continue use 
of the considerably more expensive syn- 
thetic catalysts used in wartime opera- 
tions, Rerun operations of certain compo- 
nents will be abandoned since the higher- 
quality components thus obtained will no 
longer be needed. Further, the very 
specialized feed stocks required for war 
operation no longer will be required for 
the production cf high-quality moter 
fuels. 

“As an offsetting factor in considering 
reduced cost, recognition must be ac- 
corded the reduced price of the prod- 
uct. Even high-quality motor fuel com- 
mands a refinery price of less than half 
of that tor 100-octane during the war. 
The Government cannot afford to ignore 
the implications of this situation. 

“Dismantling the catalytic crackers for 
resale would in gereral destroy the use 
value of the facilities in place. Return 
could be anticipated only from one or 
two fractionating towers, several large 
gas compressors, an air-blower, pumps, 
heat exchangers and control instruments. 
The furnaces, steel structure, other auxil- 
iary equipment and usually the reactcrs 
would have to be disposed of as unusable 
scrap.” 


Most Alkylation Plants Down 


Capacity of the 19 goverrment-owned 
alkylation plants of just under 40,000 b/d 
is estimated at from 20 to 25% of the 
total alkylation plant capacity of the 
country, Butane isomerization capacity in 
13 plants of 11,400 b/d is estimated 
at about 25% of total capacity. The 
government program also included one 
pentare isomerization plant of 2400 b/d 
capacity. The plant of the Utah Oil Re- 
fining Co. was also designed to operate 
on a naphtha charge stock. 

Four of the 19 alkylation units are 
now in operation by oil companies. Three 
are under lease, and the fourth, the alkyla- 
tion unit at the Utah Oil Refining Co., 
was purchased by this company from 
the government in June, along with the 
Fluid cracking unit and other facilities. 
Part of the alkylation unit and butane 
splitter at the refinery of the Great South- 
ern Corp., at Corpus Christi, has been 
converted to butylenes manufacture, the 
facilities being turned over to the Rub- 
ber Reserve Corp. for future operation 
as part of the synthetic rubber program. 


The rest of the alkylation unit at Great 
Southern is shut down. 

As far as is reported, none of the gov- 
ernment-owned isomerization facilities 
are being operated as such at present. 
However, two of these plants have been 
converted to catalytic polymerization un- 
der interim lease terms and the conver- 
sion of other isomerization units is con- 
templated. The engineering for these con- 
versions is being done by Universal Oil 
Products Co., who developed and licenses 
the phosphoric acid polymerization proc- 
ess. 


Isomerization Units Converted 


At ihe plant of the Frontier Refining 
Co., Cheyenne, Wyo., the reactor of the 
butane isomerization unit was converted 
to a two-bed catalyst column, charged 
with 1200 pounds of catalyst. Charge 
stocks are the light ends from the 2700 
b/d capacity Fluid cracker and from the 
1500 b/d thermal reforming unit. Total 
olefin content of the feed stock is 50%. 
The unit is reported operating at 90% + 
conversion, producing a 24-lb. polymer 
which is being blended into ethyl gaso- 
line stocks, 


The other isomerization plant converted 
to phosphoric acid is the 400 bbl. unit 
of the Cooperative Refining Assn. at 
Coffeyville, Kans. The conversion is said 
to be relatively simple and done at low 
cost. The fractionating equipment is used 
as it stands for feed preparation and sta- 
bilization of the final product, plus pick- 
ing up recycle butanes and propene- 
butenes. A small heater is required for 
vaporizing the feed and heating it to 
the required point for polymerization, 
although the heat may be supplied by 
heat exchange and other facilities in the 
refinery. Aluminum chloride slurry and 
hydrochloric acid facilities used in butane 
isomerization are not usable in the con- 
version. 

The extent to which such conversions 
of butane isomerization units take place 
at other refineries with such units will 
depend on whether “poly” units of suffi- 
cient capacity already exist and on the 
volume of by-product gases available 
from cracking operations. 


Alkylate Costs Are Too High 


Refiners cite manufacturing costs for 
alkylate during the war to show why 
these units cannot now be used in motor 
fuel production. Wartime costs seem to 
have ranged from 3.5 to 6c per gal., 
plus feedstock cost. Ore DPC alkylation 
plant reports that its HF alkylation unit 
averaged 5.72c per gal. over ten months, 
with 4.05c for its best months of opera- 
tion. This figure includes utilities, chem- 
icals, operation and maintenance labor 
and supervision, overhead, and_ other 
costs. Another states his privately built 
sulfuric acid alkylation costs are 4-4.5c 
per gal., which does not include ary 
overhead, feedstock cost, maintenance, 
and other charges. 
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PLANT PRACTICES 


++ for refinery Superintendents and Foremen ‘ 


Rise 


Injection of Plastic Packing Stops Valve Leak, 


Keeps Unit On-Stream; Has Other Uses 


An emergency methcd of repacking the 
badly-leaking stuffing box cf a Fluid 
Catalytic Cracking unit slide-valve with- 
out shutting down the unit has been de- 
vised by the mechanical department of 
Pan American Refining Corp.’s Texas City 
refinery. 

The method employs a plastic packing 
made of asbestos and grease, applied un- 
der pressure through a special fitting, 
which is now standard equipment for 


the job. It worked so well that all slide- 
valves have been similatly equipped 
against need. The method since has been 
used elsewhere around the plant, par- 
ticularly on a heat exchanger which de- 
veloped a leak between the shell ard 
head, 

Trouble on the valve first developed 
when it started leaking during a run; 
ostensibly it could be easily cured simply 
by tightening the gland bolts. But it 








Practical Tips ond Ideas 
Based on Actual Refinery 
_ Operating Experience 
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Portion of slide-valve mechanism on Fluid catalyst cracking. unit. Hole was 

drilled in stuffing box through coupling, as indicated by heavy arrow, for in- 

jection of plastic packing to stop leak. Seat for valve, to permit repacking by 

opening valve to full travel, was too badly eroded to seat properly and pre- 
vented normal repacking 


7 \_ PACKING GLAND BOLTS 


L_——— PACKING GLAND 


p—= PACKING 
STUFFING BOX 
Le 


344”-NIPPLE, WELDED 
TO STUFFING BOX 








PRESSURE GUN 


SEAL—EFFECTIVE 
ONLY WHEN VALVE 
IS WIDE OPEN 
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was discovered that the leak could net 
be stopped even by running the gland 
completely down because the packing 
was nearly all gone. 

Since the valve is made with a seal for 
the box, effective orly when the valve 
is wide open to permit repacking without 
bringing the unit down, the valve was 
then cpered. However, it was fcund 
the leak still could not be reduced suffi- 
ciently to permit repacking. (When the 
unit was brought down for regular turn- 
around later, inspection disclosed this 
particular seal had become so_ badly 
eroded that proper seating was impcs- 
sible. ) 

It finally was decided to attempt re- 
pair by drilling the stuffing bex behind 
the gland and repackirg with a plastic 
packing. The homespun packing was 
prepared by mixing shredded asbestos 
with high-temperature resistant grease. 
A consistency was obtained which would 
permit loading the gun and forcing the 
packing into the stuffing box without dif- 
ficulty, but which was stiff enough to stay 
in place once inside the stuffing box. 


Pressure Gun Made 


A fitting for the applicaticn was made 
by welding a %4-in. nipple to the outside 
of the stuffing box on the upper side, 
behind the gland-bolt lugs as shown 
in the drawing. The nipple was threaded 
on one end to take an crdinary plug- 
cock, required to shear off the plastic 
in clesing, and similarly threaded to take 
a home-made pressure-gun. A hole then 
was drilled through the wall of the 
stuffing box, working inside the nipple, 
the hole breaking through near the bot- 
tom of the stuffing box. Plug cock, closed, 
was screwed to the nipple. 

The pressure gun was made frcm an 
old valve stem, threaded to take a square- 
headed bolt which served as the piston. 
The gun was connected to the cock, 
pressure applied and the ccck opened to 
permit the packirg to flow into the stuff- 
ing box until the leak was halted, When 
repacking was completed, the gun was 
again leaded and left in place against 
need. During application of the packing, 
the gland was backed off, permitting 
future adjustment. 

Subsequently, every slide valve on the 
unit was similarly equipped, the work 
being done during the shut-down follow- 
ing the treuble. 


Used to Stop Heat-Exchanger Leak 


Later, a six ft. diameter heat-exchanger 
on the same unit developed a leak be- 
tween the shell and head shortly after 
the unit was brought on-stream fcllow- 
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ing a turn-around, Equipped with a 
tongue-and-groove closure, no good reason 
was.apparent for the leak since there was 
no sign of warp at the flanges and the 
job had passed customary tests. Never- 
theless, tightening the flange bolts to 
the maximum safe point was futile and 
it scon was apparent that either the 
leak must be brought under control or 
the unit shut down. 

The mechanical department decided 
to try a variation on their recently-suc- 
cessful stuffing-box repacking method in 
the hope a shutdown might be averted. 
A piece of ordinary %-in. flat bar stock, 
wide enough to more than cover the 
space between head- and slhiell-flanges of 
the exchanger, was bent to shape and 
welded at top and bottom around the 
leaky flange. 

Eight %4-in. pipe couplings were welded 
to the band, equidistant apart and drilled 
through as on the leaking slide-valve 
stuffing box. Two adjacent couplings 
were equipped with plug cocks, the bal- 
ance being plugged. A pressure gun 
larger than the type used on the stuffing 
box was made up while the band was 
being welded in place and the couplings 
installed. The same plastic packing also 
was prepared. 


Packing Injected 


went from hole to hole, 


Workmen 


‘starting with the first coupling, injecting 


packing until it appeared in the adjacent 
uncapped hole, Both were plugged and 
the operation repeated until the two 
couplings equipped with cocks were 
reached. Steam from the leak was relieved 
through one cock and the gun connected 
to the other, injection of plastic con- 
tinuing until it appeared in the other 
cock. Both were closed off and the leak 
was stopped. 





Wanted—IDEAS! 


Plant operators, foremen and 
superintendents are invited to 
send in their own contributions 
of “how we do it around our re- 
finery”. Possible subjects could 
include maintenance and repairs 
ideas, inspection procedures, 
operating shortcuts — anything 
which has made your refinery 
more efficient and easier to run. 
Include phetographs, drawings 
or sketches, if available. 


Material accepted for publi- 
cation will be paid for at our 
regular space rates. Contribu- 
tions should be addressed to: 


Plant Practices Editor 
Petroleum Processing 
1213 West Third Street 
Cleveland 13, Ohio. 
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It was necessary in this repair to 
leave off the insulating cap which ordi- 
narily is lowered over the head of these 
exchangers on an FCC unit since the 
band, coupling and cocks would not 
clear the inside edge of the cap. Insula- 
tion was applied by hand to complete the 
job. 

This emergency repair sufficed until the 
unit came down for regular maintenance 


\ 

six months later. No attention was re- 
quired in the interim. When examination 
was made later, the band was cut away 
and the head pulled in the usual manner. 
Examination disclosed the tongue on the 
head-flange had been damaged at one 
point, probably when the head was low- 
ered in place; conventional repair was 
made, with band and couplings being dis- 
carded. 


Converts Old Pipewrench to Spanner Type 
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TEETH GROUND AWAY, 
LEAVING "HOOK" 
ON MOVEABLE 
JAW 


Ss 





Spanner for removing rods from Cooper-Bessemer engines made from old pipe- 
wrench. Developed as substitute for the regular wrench for use when spanner 
slots become worn, “pull out” 


An ingenious adaptation of a common 
pipewrench to a spanner-type, suitable 
for removing power-pistons from Cooper- 
Bessemer engines has been developed by 
a Cities Service Oil Co. operator, G. O. 
Brewer. When re-ringing power pistons 
on this type engine, Brewer had trouble 
with the spanner-wrench pulling out of 
the slots in the pistonrod when the lead- 
ing edges of the rod became worn or 
“pulled out.” When this happens there 
is no way to make the spanner hold until 
the worn slot is repaired—or risk using 


a pipewrench and mar the highly-ma- 
chined surface of the rod. 

He devised an improved  spannei 
wrench from an old 36-in. pipewrench 
(anyone of several well-known varieties 
will do) as shown in the drawing, fashion- 
ing the movable jaw into a spanner hook 
by grinding off most of the teeth, and 
grinding away the teeth on the heel, or 
stationary jaw. This wrench, he states, 
is inclined to pull into the rod instead of 
out as the ordinary wrench does. The 
cost? One old wrench and $2 to $3 labor. 


Storage Tank Dispenses Sulfuric Acid Safely 


A simple arrangement for safely stor- 
ing and dispensing sulfuric acid for 
boiler feedwater treatment is used at 
the Texas City, Texas, refinery of Repub- 
lic Oil Reining Co. Fabricated at the 
plant except for the storage tank, it is 


located adjacent to both a railroad spur 
and the boiler house. 

A steel tank of sufficient size to ac- 
commodate a tank-car cf acid was erect- 
ed on steel supports which hold it suf- 
ficiently high to give a good gravity 
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Plan of foundation for acid storage tank 
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SIDE ELEVATION 


Schematic diagram of storage tank and piping arrangement 
designed Republic's refinery engineers for handling sulfuric 


head to the proportioning pump. A 2-in. 
pipe serves as fill line, being connected 
to the usual discharge line in the  car- 
dome for filling operation. A line from 
the plant air-supply to the car dome 
pressures the car through a reducer up 
to 30 psi to supply “power” for unload- 
ing the car. 

A’ remote-control valve mounted in 
the top of the tank controls flow of 
acid from storage into suction of the pro- 
portioning pump. This valve consists 
essentially of a lead plunger attached 
to the lower end of a %-in. shaft, the 
shaft extending up through the top of 
the tank. 


Pump Is Also Homemade 


The proportioning pump, a_ single- 
cylinder reciprocating type, also is home- 
made. <A large valve-stem was drilled 
ind tapped to take a packing gland and 
serve as the cylinder of the pump. An- 
ther, smaller valve stem, serves as 
the piston and polish-rod. The cross- 
head of the pump made from bar-stock, 
is located far enough away from the 
piston end to prevent any acid leak 
from being carried into the crosshead. 
\s a further protection, the polish rod 
s wiped, the drip flowing through a lead 
chute into a one-gallon glass jug. Twe 
teel check valves located in the suction 
vnd discharge lines serve as valves for 
le pump, and ordinary l-in. globe 

ilves on each side of the pump serve 
additional shut-offs. 


The unit is driven by a crank connect- 
to a gear-type speed reducer, in turn 
lt-connected to a small electric mo- 
By varying the crank position, stroke 
the pump can be adjusted to a final 
due, gross adjustment being obtained 
varying the belt pulleys on motor 
d speed-reducer. Control is main- 
‘ined by periodic observance of feed- 
vater pH. 
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Simple Plumbing Job Increases Storage Space 


A simple system employed by Humble 
Oil & Refining Co. to gain additional 
storage for spent alkylation acid, can also 
be used to skim gasoline from caustic solu- 
tions. Humble’s method, illustrated in 
the accompanying sketch, consists simply 
of installing “plumbing” on the storage 
tanks so that alkylate, accumulating on 
the spent acid, could be removed without 
emptying the tank. 


While this system does not increase the 
recovery of alkylate, it dces allow recov- 
ery with less labor, and, in effect, in- 
creases the space available for spent acid 
storage. 

A couple of blow cases already in us« 
at the site were utilized. Only “new” 


DISCHARGE 
LINE TO 
TREATERS 


equipment required was six valves and 
the necessary lengths of pipe for con- 
nections, A line was installed on each 
tank approximately one foot from the 
top, as shown in the illustration, and 
connected to both of the blow cases by 
manifolding. Another manifold connected 
the two blow cases to an existing line 
to the gasoline treaters. 


When a tank gets full of acid and 
alkylate, the alkylate is permitted to 
run from the top line into one or the 
other of the two blow cases. When the 
blow cases are filled, alkylate is blown 
through the discharge line to the treaters 
and the resultirg space in the spent acid 
tank utilized for more acid. 


—— 12” From Top of Trunk~ 
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BLOW CASES 


Sketch of scheme used by Humble to remove alkylate accumulating on top of 
spent acid in storage, which can also be used to skim gasoline from caustic solutions 
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The olefins contained in the excess gases resulting from 
_ cracking can be profitably converted, by polymerization, 
~ into materials boiling in the gasoline range. These poly- 
mers have a clear octane number of 82.5, a blending 
value in most thermal cracked gasolines of 95, anda &a 


- research octane blending value of 97. 


It is obvious that blending such polymers with your 
cracked gasoline will result in a product of materially | 


higher octane number. 





involving no complicated equipment. And both super- 


a The process of polymerization is exceedingly simple, 
= vision and maintenance costs are low. 


Some 95 UOP Polymerization plants in Operation in the 


U.S. A. and foreign countries have proved the value of 


Ww 


‘ 
, a4 
: 


aa this process. Amortization of equipment has been unusu- 


ally rapid, many plants paying out in 12 months or less. 


We shall be glad to discuss with you the possibilities of 


polymerization as applied to your particular operations. 


UNIVERSAL OIL PRODUCTS COMPANY 


310 SO.MICHIGAN AVENUE oP CHICAGO 4, ILLINOIS, U.S.A. 


LABORATORIES: RIVERSIDE, ILLINOIS 


UNIVERSAL SERVICE PROTECTS YOUR REFINERY 
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REFINERY WASTE DISPOSAL 





Oil Savings, Plant Economies Are Dividends 
From Organized Anti-Pollution Program 


Article 9 in a Series—By W. B. HART 


In charge of Waste Disposal for Atlantic Refining Co. 


A sound waste disposal program is so important to refiners today that 
a separate organization should be set up in even small plants, to administer, 
supervise and execute the program adopted. 


Many practical advantages and economies result from having a staff 
whose primary function is to properly dispose of plant wastes. Profit-reduc- 


ing leaks and seepages can be reduced or eliminated. 


Needed storage 


capacity often can be economically gained by regular cleaning out of tank 


“bottoms”. 


Operators familiar with waste disposal matters can create 


good relationships with the public and with government agencies, where 
poorly informed operators may do more harm than good in such relation- 


ships. 


Types of waste disposal organizations required for small, medium 
and large refineries are discussed. Need for special laboratory facilities 


is shown. 


| N my past 15 or 20 years’ consulting 

experience with many refineries con- 
cerning complaints of pollution, suits 
actual or threatened, and similar matters, 
it has been customary for me to report 
to the plant management for discussion 
of the problem. 


These discussions have often been dif- 
ficult because there seemed to be only 
a vague understanding by these officials 
of why a complaint had been made, what 
pollution had cccurred or why a suit 
for damages was threatened, perhaps 
even started. Frequently the statements 
from the executive were an elaborate 
claim that the plant was being persecuted 
by some neighboring establishment. 


When an effort was made to secure 
specific information and request was 
made to talk with the individual in the 
plant who carried the resporsibility for 
proper waste treatment and disposal, the 
usual reply has been; “Well, we do not 
have any particular person or organiza- 
tion for that job.” 


The reply could just as well have been 
made in these words; “We have taken 
little or no interest in the matter and 
know practically nothing about it”. It 
explains the confusion and_ helplessness 
that frequently ensues when plant man- 
agement is suddenly confronted wit]: 
complaints cf pollution from waste ma- 
terials. It also explairs their great hesi- 
tation in approaching the complainants 
ind discussing the situation. 


This kind of a situation can usually 
he traced to the attitude of manage- 


PETROLEUM Processinc, September, 1946 


Proper steps for attacking disposal problems are outlined. 


ment, In past years, it has been so gen- 
eral that it could well be called the 
attitude of the petroleum industry at 
large, indeed, of all industry. It was 
discussed in some detail in the January 
(1946) article (Article one of 
series ). 


current 


In the past few years, when pressure 
of imminent legislation was felt, and 
when there was so much evidence of 
ruined surface waters that no one could 
overlook the menace, some effort was 
made for “Prevention of Pollution” in 
many plarts. The responsibility was “sad- 
dled” generally on some cperating de- 
partment, and often upon the department 
which was causing most of the trouble. 
In practicaily every instance of — this 
kind, if carefully examined, it would 
be found that the department did not 
want the responsibility and took little 
trcuble to learn about methods of waste 
treatment and disposal. Instead, it di- 
rected most of its efforts toward trving 
to defend what it had been doing for 
years, whether it was causing pollution 
of adjacent surface waters or not. 


Separate Division Advantageous 


In a very few instances separate well 
organized divisions responsible for waste 
disposal had been set up years before 
by oil companies. The 
such an arrangement 
demonstrated. 


advantages of 
have now been 

The principal advantage is that the 
waste disposal division can give its full 
attention to that particular activity with- 
out being pressed with details of plant 


production and similar matters. It is only 
natural that, where there is the responsi- 
bility of plant cperation and waste dis- 
posal on the operations man’s shoulders, 
he will neglect the latter. Operation has 
been the primary consideration since in- 
dustry started, which is entirely proper. 
If there were ro operation there would 
be no need for waste treatment. Opera- 
tion should not be concerned with waste 
disposal, and proper disposal also in- 
cludes the idea that operations should 
be permitted to discharge any unavoid- 
able waste materials with the least in- 
terference, The only logical procedure 
is for setting up a separate group to han- 
dle waste treatment and disposal. The 
second advantage of a separate organi- 
zation is that it can be made up of indi- 
viduals who are, or will become, special- 
ists in this field. 


Oil Not Only Pollutant 


It was stated earlier in these articles 
that many in the petroleum refining in- 
dustry still have the idea that oil is the 
only potential pollutant in refinery wastes. 
It was also emphasized that this is far 
from the facts. The wide variety cf po- 
tential pollutants in refinery wastes has 
been indicated, the major kind listed, 
and their effects discussed in earlier 
articles.* 


If these articles are reviewed it will 
become evident at once that a wide va- 
riety of knowledge is essential for under- 
standing and solution of waste treatment 
problems, Without thought of any order 
of importance, some of the branches 
of science involved can be mentioned. 
Sanitary engineering, public health en- 
gineering, limnology, ecology, physiology, 
toxicology, and water purification and 
sewage treatment chemistry are neces- 
sary to a good understanding of the de- 
gree of treatment for raw wastes. In 
addition, chemistry and chemical engi- 
neering, physical chemistry, pharmacol- 
ogy, biochemistry, and aquatic biology 
are used in devising waste treatment 
procedures and designing treatment and 
disposal equipment. 


There is no need for an_ individual 
specialist in each of these branches of 
science. Many of them are combined 
to a sufficient degree in courses of train- 
ing leading to degrees in the major sub- 
jects. Two or more may be majors in an 
individual’s training. The main points 
desired to emphasize are; (1) the essen- 
tial training for waste disposal is widely 


°See accompanying bibliography, pg. 26. 
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different from that for operation, and 
(2) desirable training for waste treat- 
ment is not readily found. Therefore it 
is important that whoever in the plant 
carries the responsibility should have 
the widest training possible, and above 
all, should be able and willing to study 
and further develop his fund of informa- 
tion. 


A third, and highly desirable advantage 
ofa separate organization for waste treat- 
ment and disposal is the aid it can give 
management in connection with the han- 
dling of pollution problems brought to 
managment’s attention either from within 
or without the company organization. A 
well arranged group for handling such 
matters will include specialized experi- 
ence in meeting any situation, Such a 
group will be acquainted with the per- 
sonrel of the various state or other agen- 
cies. It will know the proper channels 
of approach, and often will be able to 
establish relationships and create atti- 
tudes and positions of advantage to the 
refinery. 

This does nct mean that the organi- 
zation should or can arrange to evade 
the law, or engage in any questionable 
activity whatever. It does mean however, 
that an efficient and capable organiza- 
tion will be accepted by authorities as 
an indication that the refinery plans to 
work with them on the subject of avoid- 
ing pollution of nearby waters. 


Good Relationships 


Finally, one of the major advantages 
is the provision of a constant point of 
contact within the refinery for authorities 
and their agents. A constart contact can- 
not fail to engender good relationships, 
because both parties will speak the same 
language, use the same terms with under- 
standing and have the same _ interest 


Experience has proved conclusively 
the value of a separate and distinct group 
in the refinery organization to carry the 
responsibility for waste treatment and 
disposal. Some of the benefits have been 
noted above. However, there are other 
activities possible for such a group which, 
although not directly connected with pol- 
lution prevention, are closely related to 
it. Frequently these activities can reduce 
or eliminate potential pollution. Indeed 
they may make the division self-support- 
ing. 

In the average refinery there is a con- 
tinual demand for tank capacity. It seems 
that there are never enough tanks. Yet 
investigation will often show that many 
of the tanks have not been cleaned for 
years, and that up to as much as 15% 
of the tank capacity on the plant is oc- 
cupied by “bottoms”. 


Cleaning Tanks Can Be Profitable 


The scheduled cleaning of tanks can 
profitably be made a part of the activities 
of the waste treatment and disposal or- 
ganization. Such procedure has actually 
saved the cost of new tanks and recovered 
considerable oil. Further, when stocks 
have become contaminated” with water. 
the same equipment as that used in some 
waste treatment or oil reconditioning 
procedure can be used to recondition 
them. 

In practically all refinery operations 
it is necessary to hold various crudes, 
intermediate stocks, and other materials 
in storage. Usually water accumulates 
as a “bottom”, and must be drawn off. 
Often in this “tank drawing” operation 
there is loss of oil to sewers, and there- 
fore to lower unit values, when it is 
carried on by production operators who 
are also busy with a variety of other 
duties. The loss can be minimized by 
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Fig. 1—Typical organization of a re- 
finery waste disposal staff 


proper handling and supervision which 
can be provided by the waste disposal 
organization, 


Leaks Affect Profits 

Refinery profits are dependent in large 
degree upon a path from crude oil 
to finisned products which does not per- 
mit losses through leakage and waste. 
Leaks are notorious causes of loss and 
trouble, the latter especially when the 
oil or other substances flows or escapes 
by seepage to regions or waters beyond 
the plant boundaries. Much of this loss 
can be elimirated by setting up a leak 
patrol (for want of a better term) in the 
waste treatment and disposal organiza- 
tion. This can be done very simply, and 
the money saved by proper handling of 
such a patrol is much more than the 
cost. 

With the advantages of a separate 
waste disposal division in mind, it will 
be helpful to discuss the nature of such 
an organization. This will depend entirely 
upon the refinery, in particular upon 
the amount of crude processed and the 
kind of processing performed. Only gen- 
eral discussion is possible, for local con- 
ditions and requirements play an im- 
portant role and preclude any attempt 
at detail. Probably the most helpful 
approach will be to consider the small 
plant first, although the fact must be 
considered that small plants are often lo- 
cated on headwaters where there is the 
greatest need and demand for surface 
water protection. 

Consider first a small refinery running 
500 to 2500 b/d of crude. Such a plant 
obviously cannot support a large organi- 
zation for treatment and disposal of 
wastes. But it will be profitable to have 
at least one well qualified individual 
carry the responsibility for these and 
related activities. These should be his 
major activities and irterests, although 
he may have other minor duties. For 
his waste treatment and disposal opera- 
tions he may call upon operators of other 
departments, but in selecting the source 
of such labor he should consider only 
the men who can be called upon at any 
time in case of emergercy. Above all 
he should arrange to call on the same 
men on all occasions so that they can 
be trained properly and the details and 
importance of their work meade clear. 

Laboratory Essential 

Another facility which is absolutely 
essential for the waste disposal group 
is a laboratory. A separate small labora- 
tory or space in the main plant laboratory 
will serve. However, it should always 
be available, for there will be permanent 
apparatus for testing effluents, waste 
flows, and for experimenting with new 
wastes from new processes. 

This is probably the simplest organiza- 
tion which can be provided. Yet its 
very simplicity makes it a difficult one 
to administer, for to some extent it entails 
divided responsibility on the part of 
the individual in charge, Consequently 
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Just Published — a new book- 
let on AEROCAT Grade MS.-A, the 
new microspheroidal catalyst made 
by Cyanamid. 

This booklet was compiled by 
| ‘atu? \ Cyanamid’s technical staff so that those 
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have the technical information on the 
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conan of AEROCAT Grade MS.-A available in 
| a convenient form. 

In order to obtain your copy of this 
new booklet quickly, just fill in and 
mail the coupon below. 


*Trade-mark of . American Cyanamid Company 
denoting cracking catalyst of its manufacture. 


When Performance Counts...Call on Cyanamid 


American Cyanamid Company 
Petroleum Chemicals Department 
30 Rockefeller Plaza, New York 20, N. 
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its attitude toward the problem of surface 
water protection. Complete support by 
management is essential regardless of the 
size or complexity of the waste treat- 
ment and control organization. 

Plants of larger size can support larger 
organizations economica!ly and, as has 
been said, frequently the organization 
can be almost self-supporting through 
returns from its activities which are re- 
lated to waste disposal. Organizations for 
plants of this size advantageously can be 
made up of a supervisor and two to four 
operators for the waste treatment facili- 
ties. Larger plants will do well to in- 
clude a sanitary engineer to carry on the 
technical work of the organization be- 
cause of the wider variety and greater 
quantity of wastes. Changes in operation 
resulting in new wastes to be studied 
will. also be more frequent in larger 
refineries. 


Finally, the largest refineries will re- 


quire organizations consisting of perhaps 
40 or 50 men headed by a supervisor 
or superintendent. Technical activities 
should be handled by a group within 
the organization, a sanitary or chemical 
engineer in charge. There will be need 
for some knowledge within the group 
of all the various branches of science 
previously mentioned. The members 
should keep abreast of all advances in 
the field by attending regularly society 
and association meetings and by reading 
various technical papers. Needless to 
say, such a group will need a laboratory 
of its own, because of the necessity of 
specialized equipment not to be found 
in other refinery laboratories. Records of 
plant effluent tests, researches and 
similar work can be kept in the labora- 
tory. 


Operation of treatment and disposal 
facilities should be in charge of an opera- 


tion supervisor, and 24-hour operation 
should be followed. The operators can 
probably find time for activities related 
to waste disposal but some of these ac- 
tivities may require separate groups and 
foremen. A typical organization of this 
kind is shown in Fig. 1. 


An organization of this kind is just 
as dependent upon the support of man- 
agement as is a small one. Waste treat- 
ment and disposal is rarely popular and 
the occasional resentment by operating 
departments must be controlled by man- 
agement or the entire program will fail. 
Conversely, waste disposal must be so 
designed as to hinder production as little 
as possible, and to be as economical as 
possible and yet function effectively. 
It may be wise to charge all expense 
to the waste treatment and disposal 
account rather than to the operations 
which produce the wastes. 





Organizing the Refinery’s Attack 
On a Waste Disposal Problem 


One procedure is recommended where 
the complaint is from the outside and a 
different procedure where notice of poten- 
tial or actual contamination comes from 
within the plant. Matter of group treating 
of wastes must be considered in relation 


to the cost of separate treating systems. 


The attack upon a prcblem will depend 
a great deal upon the conditions under 
which it arises. In general the procedures 
may be divided into 5 fairly definite 
steps as given in Table 1. 


A complaint of the harmful effects of 
untreated refinery wastes upon surface 
waters, commonly termed pollution, may 
come from federal or state authorities, 
from someone in the neighborhood, or 
from within the plant itself. In the first 
instance it usually takes the form of a 
notification that infraction of federal or 
state law is occurring and the offending 
discharge must be sufficiently treated 
or discontinued. The complaint may be 
part of a suit for damages or injunction 
brought by scmeone nearby. Indeed a 
federal or state complaint, if ignored, 
may become a suit for injurction against 
further plant operation until the con- 
tamination by the waste is corrected. 
The third source is net always truly a 
complaint. Instead, it may simply reflect 
the recognition by plant operators of an 
obnoxious condition and the desire to 
correct it. 


Although local conditions at times may 
indicate a different procedure, in all 
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the experience with a variety of com- 
plaints the following methods have been 
followed successfully without exception. 
The first move is to contact the com- 
plainants. This may appear very wrong 
to many companies, but such compan- 
ies are usually the ones who ask, “What 
are we supposed to do, make drinking 
water of our wastes?” This question has 
been heard often but, if there were un- 
derstanding of the lack of knowledge 
it reveals, it never would be heard again. 
Space cannot be taken here to discuss 
the purity requirements for potable water, 
but they are “a far cry” above the quality 
of waste waters fit for discharge into 
a stream to avoid its pollution. 


Further, a lot of ball games have been 
lost by underestimating the other team. 
That statement is made purposely, for 
it conveys the idea that the complaint 
is to be turned into a controversy, or in 
plain words, a fight. This has been tried, 
and present day conditions show that it 
has failed. Instead of avoiding the com- 


plainant, go to him, and find out just what 
is involved. By doing so, in a “cards on 
the table” and sincere manner, the com- 
plaint may be proved to be unfounded. 
On the other hand it may be discovered 
that a plant discharge is causing damage 
of a nature and extent not even suspected. 
But above all, an interest in the complaint 
will be demonstrated; it will be realized 
that the waste waters may be causing 
trouble. If that is the case there is an in- 
clination and willingness to try to do 
something about it. This is one of the at- 
titudes, or positions management must 
take, in view of the present day serious- 
ness of stream pollution, 


Avoid Undue Haste 


One of the outstanding features of pres- 
ent day waste treatment activities in sev- 
eral regions is the rush to get something 
working (i.e., erection of a waste treat- 
ment plant) by a certain date. This quite 
often occurs when there has been no con- 
tact with state agencies or their repre- 
sentatives, prior to the complaint. As a 
result, the attitude of these agencies is 
unknown, Then there is the feeling that 
notification about pollution means _ that 
fines or imprisonmert are possible and 
something has to be done immediately. 





TABLE | 


Five Steps in Attacking Problem in Waste Disposal 


I—Preliminary ground work investigation, to clearly define the specific problem. 


) 


2—General study of the problem once it has been clearly defined. 


3—Developmer! and adoption of the necessary treatment and disposal methods. 


t—-Desien. construction and placing in operation of the disposal plant or equip- 


ment. 


5—Carefui test of the plant in operation and survey of surrounding surface 
waters to Getermine that the waste disposal methods adopted are effective. 
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tee casi There’s something you ought to know 
. pan Houdry. We have the men, the “know-how” and 


ate ~ 


‘the facilities to analyze your individual problems and to find the right 


answer for you. Operating studies, process engineering, pilot plant 
evaluations, earnings . . . right down to the payoff in $/barrel of charge. 
Backed by the broadest experience in the field of catalytic cracking, 


_all this is readily available to you. 


You’re invited to come see our laboratories where over 400 people 
are ready to serve you; to visit our catalyst manufacturing plants, in- 
cluding the first catalytic cracking catalyst plants—both natural and 
synthetic—in the world. : 

You'll find sound engineering advice awaiting you at Houdry.. . 
accurate laboratory analyses of your charge stocks, technical service 
on plant operation, plus a wealth of information on catalytic opera- 
tions . . . because Houdry service begins when you’re ready .. . and 
never ends. 

Incidentally, small scale TCC units are now being built for two 
licensees—and are ready—for all owners of small refineries. 


HOUDRY PROCESS CORPORATION (7777 RY | 


115 Broadway, New York 6, N. Y. CATALYTIC 
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Introductory and showing refiners’ 
role in the nation’s water conservation 
program; 

Art. 1, “Industry Relation to 
Problem of Stream Pollution,” Jan. 
2, 1946, pg. R-11. 

Art. 2, “Industry and the Authori- 
ties”, Feb. 6, 1946, pg. R-97. 

Art. 3, “Refining Industry Has 
Important Role in Water Conser- 
vation Program”, March 6, 1946, 
pg. R-225. 

Describing wide variety of potential 
pollutants in refinery wastes and their 
effect on surface waters. 


Art. 4, “Proper Classification of 





BIBLIOGRAPHY on Waste Disposal Series 


The articles by W. B. Hart, Atlantic Refining Co., foremost authority in 
the country on stream pollution by refinery waste materials, recognize that waste 
disposal is a growing refinery operational problem. 

Previous articles in this series were published in the NPN Technical Sec- 
tion, the predecessor to PETROLEUM PROCESSING. They are listed below 
with their titles and dates of publication for your convenience, 


Wastes First Step in Disposal Pro- 
gram”, April 3, 1946, pg. R-292. 

Art. 5, “Properties of Surface Wa- 
ters Are Affected by Refinery 
Wastes”, May 1, 1946, pg. R-371. 

Art. 6, “Waste Oils Escaping to 
Surface Waters May Cause Many 
Kinds of Damage”, June 5, 1946, 
pg. R-467. 

Art. 7, “Chemicals Present in Es- 
caping Wastes Can Damage Waters 
For Many Uses”, July 3, 1946, pg. 
R-512, 

Art, 8, “Refinery Wastes Can Stop 
Oxygen Supply, Causing Water 
Pollution and Killing Life”, Aug. 
7, 1946, pg. R-587. 








This is usually a wrong idea, for experi- 
ence has shown conclusively that the 
agencies are very willing to meet a sincere 
program of improvement even more than 
half way. But the sincerity must be dem- 
onstrated, and the effect of the demon- 
stration improved with age. 


When there has been full understand- 
ing of the nature of the complaint, and 
the harmful effects, these conditions can 
be investigated, and the effect of the 
waste can be examined. The seriousness 
of the pollution, or the lack of seriousness 
can be established, and the further attack 
on the problem can be conducted from a 
firm, scientifically sound foundation. 


Discussion of the attack thus far has 
been confined to problems arising from 
complaints for charges of pollution. In 
such cases it is recommended that the 
surface water characteristics complained 
of be given initial attention. This pro- 
cedure is logical, for it may establish that 
the complaint is in error and insupport- 
able or that the conditions complained of 
are beyond the control of the refinery. In 
addition, the complaint and the problem 
it has created will be clarified. 


Investigate Wastes First 


When the subject of pollution is ini- 
tiated by and for the refinery, the wastes 
should be investigated first. The quantity 
and characteristics of the wastes are the 
basic data from which the details of treat- 
ment and disposal are designed. This is 
so entirely fundamental that where a num- 
ber of the wastes of a large refinery are 
involved a complete survey should be 
made. 


Every waste in the plant should be 
listed. The quantity of each waste should 
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be determined by actual calculation 
wherever practicable. This should be con- 
tinued over a period of time which will 
assure that maximum flows are included. 
When measurement is impracticable, 
maximum flows should be estimated care- 
fully, and if there is any doubt, the esti- 
mate should favor- the highest flow re- 
garded as possible. In refineries where 
two or more sewer systems are intercon- 
nected, the survey should include mea- 
surements of the flows between systems. 

The characteristics of the wastes should 
also be determined from samples taken 
frequently during each day for a period 
of time that will assure information on all 
variations in their nature. In this connec- 
tion it should be emphasized that too 
much care cannot be given the sampling 
of the wastes. Wherever practicable, con- 
tinuous sampling should be practiced. 
Where there is any possibility of bacterial 
action affecting the sample during the col- 
lection period, it should be kept cool by 
refrigeration. Devices for continuous 
sampling can be constructed in various 
ways, with or without a refrigerated cham- 


ber which will take perhaps a 5-gal. glass 
bottle into which the cortinuous sample 
is collected during 24 hours. Samples 
should never be collected in any but glass 
containers lest there be reaction between 
the sample and the material of which the 
container is made. Even further precau- 
tions may be necessary if hydrofluoric acid 
is involved. 

The quantity ard quality of each waste 
should be tabulated. Then the entire 
waste survey should be studied to ascer- 
tain if any saving can be had by group- 
ing wastes for treatment. This grouping 
will depend upon quality, and upon geo- 
graphical relationship of sources. Often it 
will be possible and desirable to treat sev- 
eral wastes in the same treatment plant. 
The difference in cost between one large 
plant and several small ones will more 
than offset the cost of pumping. But be- 
fore planning to pump wastes it should be 
established without question that the 
pumping operation will not affect the diffi- 
culties of treating, 


Several Features Considered 


There are several features which must 
be given careful theught before deciding 
to group wastes for treatment. First, there 
must be assurance that when the wastes 
are mixed there will be no change in 
composition or condition which will cause 
the treatment process to be unsatisfactory. 
This has occurred, even though wastes 
were carefully analyzed previously, and 
it always is a costly oversight. It is one 
of the principal reasons for pilot plant in- 
vestigation and for establishing that any 
planned treatment plant will be effective, 
prior to full scale installation. Of course, 
laboratory facilities are essential for such 
investigations. 

Second, when it is planned to use exist- 
ing sewers for collection of wastes, the 
size of the sewers should be checked to 
assure that they will carry the flow. 

Third, there should be assurance that 
when the wastes planned for group treat- 
ment are mixed there will be no ob- 
noxious or poisonous gases released. This 
is of extreme importance to working con- 
ditions within the refinery and to accident 
prevention. Although it may be regarded 
as a part of the first precautionary feature 
mentioned, it is of importance sufficient 
to merit separate and special note. 





taken up in this series. 


be discussed. 





Next Month's Topic—Developing Proper Methods For Treating Wastes” 


Development of a satisfactory treatment method for any waste or 
group of wastes in a refinery is not a simple matter, and this important 
phase of the general subject of disposal of refinery wastes will next be 


Treatment is usually planned to eliminate or minimize the objection- 
able characteristics to the extent required for the receiving waters. In 
the determination of the treating method itself, flows must be measured 
and waters and wastes sampled. Methods for these procedures will first 
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Refiners of high octane gasoline meeting today’s 
demand for super-power find SOLVAY Caustic 
Potash is manufactured with a minimum of im- ff 
purities and suited to their needs. 

In producing your high octane gasoline, de- 
pend on SOLVAY ’s exacting quality. 


® SOLVAY Caustic Potash Liquor (shipped in tank cars) has 
a KOH content of 49 to 50%. 


® SOLVAY Caustic Potash in the dry form contains a mini- 
mum of 90% KOH. 


® No matter what your needs—liquid, solid, or flake, SOLVAY 
can deliver promptly. 


Write today for full information. Requirements promptly met. 


SOLVAY SALES CORPORATION 


Alkalies and Chemical Products Manufactured by The Solvay Process Company 


40 Rector Street New York 6, N. Y. 
BRANCH SALES OFFICES: 








» PYAR) 

CaN rt. 
Age ES Tote 5, 
VEO eo I. 


wr 45 Milk Street 
Charlotte 2,N.C. . . 2. . + + + « 212 South Tryon Street 
Chicago 2, Ill. » © © e + « « 1 North LaSalle Street 
Cincinnati 2, Ohio . . » » « « + + 3008 Carew Tower 
Cleveland 15,Ohio. . 5 « « + « + 926 Midland Building 
Detroit 32, Mich.. . . « « + « « ~ 7501 West Jefferson Ave 
Houston 2, Texas. . » « » » « « - 847M&M Building 
New Orleans 12, La. » « » « « » « 1101 Hibernia Building 
New York 6,N.Y. « 5 « © « « « « 40 Rector Street 
Philadelphia 7, Pac, » « « « « « « 12 South 12th Street 
Pittsburgh 19, Pa. « 6 « « « © « « 1107 Gulf Building 

St. Louis 8, Mo. 5» « « 0 « © « « 3615 Olive Street 
Syracuse 1, N. Ye « « «© « « « « « Milton Avenue 


PETROLEUM PROCESSING, 





September, 1946 






ads <2 


TRADE MARK REG. U. S. PAT. OFF 


BS UAE 
POTASH 


LIQUID 


SOLID 





















NEW THEORY FOR ENGINE) 


K NOCK in spark ignition engines may 
be caused by both detonation waves 
and autoignition of the fuel in the 
cylinder, either singly or in combination, 
instead of by autoignition alone, accord- 
ing to the Aircraft Engine Research 
Laboratory of the National Advisory 
Committee for Aeronautics, Cleveland. 

This new theory is based on extensive 
research work which has been carried on 
for some years in the N.A.C.A. laboratory. 
It is believed to hold important possibil- 
ities both for engine designers and for 
refiners who produce motor fuels. 

Autoignition is defined as spontanecus 
burning of the unignited gas in the cylir- 
der, caused not by a spark but by the 
heat of compression produced from nor- 
mal burning and the movement of the 
piston. A detonation wave travels at high 
speed through the gas mixture, causing a 
reaction in the gas at the shock frort 
which releases energy immediately be- 
hind the shock front. This produces the 
explosion, or “knock” in the unignited 
gas. 

In previous explanations of what causes 
knock, some scientists agreed with the 
detonation wave theory, while others 
agreed with the autoignition theory. Few, 
however, thought that it was a combina- 
tion of both. 

Following is the new explanation of 
knock in the spark ignition engine, as 
given in the report of the work in the 
N.A.C.A. laboratory: 

Causes of Knock 

“1. Knock of a comparatively low pitch 
is caused by simple autoignition of end 
gas at a rate too slow to produce audible 
gas vibrations. 

“2. Knock involving both low- and 
high-pitched tones may be caused by 
autoignition followed by the develop- 
ment of a detonation wave in the auto- 
ignited gases. 

“3. Knock of high pitch may be caused 
by a detonation wave in after-burring 
gases behind the fame front. This detona- 
tion wave, having originated in the after- 
burning gases behind the flame front, may 
also pass through the unignited end gas.” 

This completely revised theory of 
knocking is the result of photographic 
studies of gasoline engine combustion 
with a new high-speed camera which 
takes “slow-motion” pictures at the rate 
of 40,000 frames per second. Additional 
experimental proof in support of the 
theory was obtained by photographic 
studies of combustion with an ultra-high- 
speed camera taking pictures at the rat 
of 200,000 frames per second. For details 
of these cameras, see page 32. 

Author of the theory and .invertor of 
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the two cameras, Cearcy D. Miller, mech- 
«nical engincer in N.A.C.A. Laboratories, 
presented a paper entitled “The Roles of 
Detonation Waves and Autoignition in 
Spark Ignition Engine Krock as Shown 
by Photographs Taken at 40,000 and 
200,000 Frames per Second” before the 
Society of Automotive Engineers summer 
meeting at French Lick, in June. 

Although irformation on what should 
be done about knock is now extensive and 
some fuel and engine workers discount 
the need for definite knowledge as to the 
crigin and causes of knock, the new evi- 
dence brought to light by ultra-slow-mo- 
tion pictures may have a decided effect on 
future engine design and fuel character- 
istics. It is too early, however, to foretell 
any changes, SAE members who partici- 
pated in the discussion following presenta- 
tion of Mr. Miller’s paper at French Lick 
concerned themselves rather with details 
about the experimental techniques. 

The following paragraphs are from the 
introductory remarks in Mr. Miller’s 
paper: 

“Knock, one of the most serious limita- 
tions on the performances of the present 
day reciprocating aircraft engine, has been 
plaguing the designers and users of spark- 
ignition engines in general at least since 
1880, at which time Clerk suppressed er- 
tremely violent knock by the use of 
water‘), 


“The past researches on kneck have un- 


covered an immense amount of informa- 
tion, not only concerning the basic na- 
ture of knock, but also concerning th« 
question of what to do about it. The in- 
formation available on the basic natur 
of knock has led most writers, at least in 
the U. S., to accept the autoignition 
theory in preference to all others. (Though 
many writers refer to knock as “detona- 
iion,” they do not mean to imply that they 
believe knock is caused by a detonation 
wave.) Only a few dissenters(3, 4, 5, 6, 7) 
have questioned the adequacy of the au- 
toignition theory. The photographs ob- 
tained with the high-speed camera and the 
ultra-high-speed camera have forced the 
author and his coworkers to join the ranks 
of the dissenters. 


Definition of Knock Needed 


“Aside from the fact that any kind of 
knowledge concerning any process of ra- 
ture rarely proves in the end to be of no 
practical value, some urgent reasons exist 
for determining exactly what knock is. 
Probably the most important reason is 
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A series of 20 still pictures of the ultra-high) 





speed, 200,000 frames-per-second photograph 


Each frame is separated from the next by 


time interval of .000005 seconds (5 microse 
onds). The light area is the burned gas; tt 
dark area is the burning end gas. There 
no significant change until frame 7, at whi 
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KNOCKING 


issociated with the fact that little is defi- 
nitely known even about the harmfulness 
of knock. As will be shown in this paper 
there are probably more than one and 
perhaps even more than two phenomena 
that are regarded as knock when they oc- 
cur in the combustion chamber. In view 
of the possibility that these pheromena 
may not all be harmful, it seems urgently 
desirable to learn which are harmful and 
how to distinguish between one phenome- 
non and another. As was pointed out by 
Boerlage in 1936‘7), the noise of knock 
cannot be regarded too seriously urtil the 
arm done has been demonstrated to be 
proportional to the noise. 

“Other reasons for seeking the true ex- 
p'anation of knock are‘') the possible sav- 
ing of much labor involved in developing 
and testing ideas based on possibly false 
conceptions of the nature of knock‘?), the 
«cquisition of additional fundamental 
knowledge concerning chemical laws that 
might prove useful in other fields, and‘”) 
the possibility, however remote, that 








** carded as the most plausible of the many 
high. : ates 
sl point knock and detonation wave occur, indi- 
by cated by the arrows. The dark streaks which 
met begin to appear in the last five frames were 
specks of carbon which photographed dark 
ale against the background of externally-supplied 
a light. Analysis of these films confirmed the 


combined theory of knock, 


Photos Made with Ultra-High-Speed Camera 
Invented in N.A.C.A. Laboratory Disclose that 


Both Autoignition and Detonation Waves Cause 


Explosion of Unignited Gas in Engine Cylinder 


plain knock. Study of the photographs 
some new and simpler solution to the 
knock problem might be suggested. 

“Next to autoignition, the detonation- 
wave theory probably is generally re- 
theories that have been advanced to ex- 
taken at 40,000 frames per second over 
a period of 6 years has convinced the 
author that a detonation wave, or some 
phenomenon very much like a detona- 
tion wave, actually is involved in the 
type of knock most frequently encountered 
in the modern aircraft engine. Autoigni- 
tion also appears to be often involved in 
knock. A combined autoignition and de- 
tonation wave theory has been proposed 
on the basis of a study of the high-speed 
photographs and the available literature 
concerning knock. 


Literature Argument 


Mr, Miller then presented the litera- 
ture-based argument for the combined 
theory of knock, and summarized it as 
follows: 


«<< 


1. Autoignition of comparatively large 
bodies of end gas occurs too slowly un- 
der certain conditions to produce audible 
gas vibrations. 

“2. Under suitable conditions one or 
both of two types of gas vibration may 
occur, the detonation wave type and the 
vibratory combustion type. 

“3. Either type of gas vibration maj 
occur independently of autoignition, but 
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under some conditions the detonation 
wave type of gas vibration tends to oc- 
cur very soon after slow autoignition has 
taken place. 

“4, Under suitable conditiors apparent 
detonation waves can develop in the en- 
gine cylinder. 

“5. Under a wide range of conditions, 
either combustion continues for a distance 
sometimes as great as several inches be- 
lind the flame front or some adjustment 
of equilibrium takes place through the 
same distance resulting in increased pres- 
sure, continued ionization, and continued 
emission of light.” 


Apparatus Described 


The following description of the test 
apparatus used is given in the next sec- 
tion entitled: “Report of Findings of 
N.A.C.A. Photographic Knock Investiga- 
tion”: 

“The old combustion apparatus is a 
single-cylinder engine of 5-in. bore and 
7-in. stroke, with glass windows in the 
cylinder head and a glass mirror on the 
piston top. The visible part of the com- 
bustion chamber is 4% in. long. 


“The newer combustion apparatus was 
designed to provide a view of the entire 
combustion chamber. This engine has a 
bore of 4% in. and a 7-in. stroke. Air for 
combustion is forced into the cylinder 
through ports uncovered by the piston at 
the bottom cf its stroke, and escapes 
through other ports on the opposite side 
of the cylinder. 

“With each of the apparatuses, the 
photographs taken by externally 
supplied light projected into the combus- 
tion chamber through the glass windows 
and then reflected back cut through the 
glass windows to the high-speed camera 
by the mirror on the piston top. 

“In all the investigations the engine has 
been driven by an electric motor and oper- 
ated under its own power fer only one 
combustion cycle in each run; in each case 
the entire series of photographs was taken 
during the single combustion cycle. Solid 
injection of fuel was used, and fuel was 
injected only for the single power cycle.” 

The single combustion cycle method 
was emploved because of the heavy car- 
bon deposit on the window under con- 
tinuous run conditions. Furthermore, con- 
tinued operation would have heated the 
window to a dangerous breaking point. 
Mr. Miller’s continued description of the 
apparatus follows: : 

“With the cld combustion apparatus, 
the fuel was injected on the inlet stroke; 
with the newer full-view apparatus it was 
injected early on the compression stroke. 
The engines were heated prior to the mo- 


were 
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GRAVER WATER CONDITIONING 

EQUIPMENT ... DESIGNED, 

FABRICATED AND ERECTED 
BY SPECIALISTS 





Successful treatment of boiler feed or process water depends 
not only on the type and amount of chemical feed, but also on 
the design and construction of the water treating equipment. 

That’s why we, here at Graver, take such pride in our staff 
of water treating specialists—experienced personnel ranging 
from the chemical engineers in the laboratory to the men 
welding tank seams in the field, all thoroughly familiar with 
the requirements of a successful water treating plant. 


oe th 


e Graver Chemical Engineers are eminently qualified by 
experience to recommend the type of treatment, and the 
size and type of equipment necessary for the treatment 
of any given raw water. 


AiedS 





e Graver Structural Engineers are capable of designing 


—— such equipment in accordance with the best known stand- 


TOP: Graver Hot Process Water Softener under construction at a 


Midwestern Process:n2 plant. ards for all types of gravity and pressure systems. 
BOTTOM: The finished installation—typical of Graver’s ability to i i 
desien, fabricate and erect water treating plants of all types. ¢ Graver Field Engineers and Erectors are cap able of 


erecting in the field the fabricated equipment for any type 
water treating plant. 


These are the men who back Graver’s ability to design, fab- 
ricate and erect water treating plants of all types under one 
undivided responsibility. Why not take advantage of Graver’s 
complete service the next time a water treating problem con- 
fronts you? Write, wire or phone for immediate attention. 

















Process Equipment Division of 


GRAVER TANK & MFG. C0. INC. 


4809-53 Tod Avenue, East Chicago, Indiana 
NEW YORK CHICAGO CATASAUQUA,PA. SAND SPRINGS, OKLA. 
PITTSBURGH PORT ARTHUR PHILADELPHIA 
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Part of a sequence of pictures taken at 40,000 frames per second of single spark combustion in the old apparatus. Each 

frame is separated from the next by a time interval of .000025 seconds (25 microseconds). The flame front is traveling down 

the frame from top to bottom. Evidence of autoignition is seen in the darkened end gas between the middle frame in 

the top row and the middle frame of the next row. Knock occurred with sudden rapidity at that point immediately follow- 

ing appearance of a white streak at the bottom of the frame. A mathematical analysis of these pictures, correlated with 
the shutter action of the camera, showed the white streak to be caused by a detonation wave 


toring period and kept hot during the mo- 
toring period by the circulation of heated 
glycerine through the cooling passages of 
cylinder and head. All of the investigations 
have been made with glycerire tempera- 
ture approximately at 250° F. leaving the 


cylinder and head. The _ investigations 
have all been made with an engine speed 
of approximately 500 RPM. Spark tim- 
ings and spark-plug positions were se- 
lected to produce knock at top center with 
the end gas usually well within the field 
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of view. 

Various types of reference fuels from 
nonknocking to high-knocking, high-oc- 
tane gasoline, benzire, and fuels admixed 
with small amounts of amyl nitrate were 
used in the tests. Compression ratio varied 
between 7.0 and 9.0. Ignition was pro- 
vided with ore spark plug and with four 
spark plugs. Spark timing was varied be- 
tween 18° and 29° before top center. In 
one test with normal nonknocking fuel, 
preignition from a hot spot was applied 
by means of an electric coil inserted by 
means of a special plug. 


Summary of Results 


The summary of the findings of the 
N.A.C.A. knock investigations by means 
of photography at rates of 40,000 and 
200,000 frames per second over the period 
1939 to 1946 is as follows: 

“1. The photographs have shown that 
normal nonknocking combustion involves 
an entirely smooth travel of the flames 
through the combustion chamber and a 
smooth gradual fadeout of the combustion 
zones after ccmpletion of the flame travel 
through the chamber. 

“2. The photographs have irdicated 
that normal combustion involves a zone 
of continuing combust’on behind the 
flame front with a depth measured in 
tenths of an inch; the combustion zone, 
however, may have a cellular structure. 

“3. The photographs have shown that 
preignition from a hot spot is not a direct 
cause of knock, and that the flame from a 
hot spot is similar to the flame from a 
spark plug. 

“4. Vibratory knock has been shown to 
involve an extremely fast reaction, termed 
the ‘explosive knock reaction’ which de- 
velcps suddenly after a period of normal 
burning. This reaction invclves a time in- 
terval rot grealer than 50 microseconds. 

“5. The explosive knock reaction has 
been shown to begin within 25 micro- 
seconds of the same time as the violent 
knocking vibrations shown by a piezo- 
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electric pickup placed in the end zone of 
the combustion chamber. 

“6. The photographs have indicated 

that the explosive knock reaction origi- 
nates only in a portion of gas that is al- 
ready ignited, either by normal flame 
travel or by autoignition. 
“7. The photographs have shown a 
number of different types of end-gas auto- 
ignition, some of which appear always to 
be followed by the explosive knock reac- 
tion and some of which may occur with- 
out being followed by the explosive knock 
reaction, The photographs have also show» 
cases of the explosive knock reaction not 
preceded by any form of autoignition. 

“8. Analysis of the photographs taken 
at 40,000 frames per second has indicated 
that the explosive knock reaction is a type 
of détonation wave, traveling, under dif- 
ferent conditions, at speeds ranging ap- 
proximately from 3000 to 6500 feet per 
secord, or from about one to two times 
ihe speed of sound in the burned gases. 

“9. The propagation speed of the order 
of 6500 f.p.s. for the explosive knock re- 
action has been confirmed by the one 
series of photographs obtained at 200,000 
frames per second. 

“10. A definite loss of chemical energy 
that would otherwise have been available 
has been shown to result from the explo- 
sive knock reaction. 

“11. The photographs have shown that 
free carbon is released in both the burning 
and the burned gases within 10 micro- 
seconds after passage of the detonation 
wave associated with the explosive kncck 
reaction. 

“The indications of the high-speed and 
ultra-high-speed photographs do _ not 
harmonize with the simple autoignition 
theory of knock ner with the simple de- 
tonation-wave theory. They appear rather 
to support the combined detonation-wave 
ind autoignition theory propesed in the 
literature discussion.” 

The first public announcemert of high- 
speed camera studies of engine combus- 
tion was the presentation of a motion pic- 


ture film at an SAE meeting in Washing- 
ton, D. C., March, 1940(8), The first pub- 
lic technical paper on the subject was de- 
livered by Mr. Miller at an SAE meeting 
in Cleveland, May, 1945(®, 1°) 





(1) “Relation of the Detonation-Wave to 
Spark-Ignition Engine Knock in Ultra- 
Slow-Motion,” C. D. Miller, NACA 
Technical Film (1946). Note: no number 
has as yet been assigned to this film. 


(2) “Cylinder Actions in Gas and Gasoline 
Engines,” Dugald Clerk, SAE Jour. 
(Trans.), 8, 523-539 (1921). 


(3) “Some Flame Characteristics of Motor 
Fuels,’ G. B. Maxwell and R. V. Wheeler, 
Ind. and Eng. Chem., 20, 1041-1044 
(1928). 

“Flame Characteristics of ‘Pinking’ and 
‘Non-Pinking’ Fuels, Part II,’ G. B. Max- 
well and R. V. Wheeler, Jour. Inst. 
Petroleum Technologists, 15, 408-415 
(1929). 


(5) “XIV—Estimation of the Combustion 
Products from the Cylinder of the Petrol 
Engine and its Relation to ‘Knock,’ ” 
A. Egerton, F. L. Smith, and A. R. 
Ebbelohde, Phil. Trans. Roy. Soc. (Lon- 
don), 234, ser. A., 435-521 (1935). 

(6) “Knocking in an Internal Combustion 
Engine,” A Sokolik and A. Voinov, 
NACA Technical Memorandum No. 928 
(1940). 

(7) “Detonation and Autoignition,” G. D. 
Boerlage, NACA Technical Memorandum 
No. 843 (1937). 

(8) “Slow Motion Study of Normal Com- 

bustion, Preignition, and Knock in a 

Spark-Ignition Engine,” A. M. Rothrock, 

C. D. Miller, and R. C. Spencer; NACA 

Technical Film No. 14 (1940) 

“‘Slow-Motion Pictures Throw New Light 

on the Cause of Knock in Fuel Combus- 

tion,”” Anon., NPN Technical Section, 37, 
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Ultra High Speed Camera 


Opens New Field for 


T= ultra-high-speed, 200,000 frame- 
per-second camera, and the _ high- 
speed, 40,000 frame-per-second camera 
used in the studies of engine knock re- 
ported in the preceding article, may 
soon prove to be valuable tools for the 
research laboratories of the nation’s oil 
industry. 

In addition to studies of combustion 
within engine cylinders, possibility is 
seen for their use in making studies of 
gas turbines, jet-propulsion, cavitation in 
pumps, and possibly electric spark dis- 
charges. 

Three patents covering the cameras 
were issued in May, 1946, to the in- 
ventor, Cearcy D: Miller, who is a me- 
chanical engineer with the Aircraft En- 
gine Research Laboratory, National Ad- 
visory Committee for Aeronautics, Cleve- 
land, Ohio. 


The high-speed camera, taking pic- 


C. D. Miller (right), inventor, and an assistant operate 40,000 frames-per-second 
camera. The camera, actuated by a high-speed electric motor, is in the right fore- 
ground, directly in front of Mr. Miller. His assistant controls the spark-ignition 
engine which is turned over by an electric motor. Bright spot in dome on top of 
engine cylinder head is image of combustion being reflected by a mirror to the 
lens of the camera. Engine is fired only once during a test run in which pictures 
are taken of flame combustion. The 200,000 frames-per-second is a later develop- 
ment much similar to the camera illustrated 
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tures at the rate of 40,000 frames per 
second, uses a system of lenses and mir- 
rors for transmitting the light from the 
object to the photosensitive film. The 
film is mounted on a high-speed, rotating 
drum. On the same drum, alongside the 
film is a series of tiny, prismatic reflectors. 
These reflectors working in conjunction 
with the stationary lens system produce a 
series of images moving in the same di- 
ection and at the same speed as the 
film. The effect of a rapidly moving fccal 
plane shutter is created. 

The ultra-high-speed camera, taking 
pictures at the rate of 200,000 frames 
per second embodies a different optical 
principle. Light from the object is trans- 
mitted by meas of a system of lenses 
and mirrors to a high-speed, rotating, 
six-sided, concave mirror. This rotating 
reflector in tum transmits the beam 
through various angular positions, thence 
through a series of 90 lenses mounted 
on a hemi-spherical stationary shell which 
focus secondary images on a stationary, 
photosensitive film. With this arrange- 
ment a new picture is taken each .000005 
sec. That is 12,500 times as fast as the 
action of the ordinary motion picture 
camera which takes a new picture each 
1/16th of a second. 

The course of an explosion within the 
cylinder of a spark-ignition engine can 
be easily followed with the “ultra-slow- 
motion” pictures made possible by these 
cameras. For example: the actual velocity 
of the knocking disturbances reached 
averages of 6800 feet per second (about 
1640 miles per hour). When 200,000 
frame-per-second photographs of these 
phenomena are screened at the normal 
projection rate of 16 frames per second, 
the apparent speed becomes approxi- 
mately 6% in. per second (about 4/10 
miles per hour), which of course is easily 
followed by the eye. 
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More refiners use Filtrol Catalysts each year because — Filtrol 
Catalysts have proven to be more flexible, to produce quality 
with minimum refinery cost and a wide selection of charging | oe oe os hea wee een 
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more petroleum refiners are 
using Filtrol Catalysts than ever before... 


| T.C.C.-FLUID and others 
TONNAGE INCREASE ) a) 


IN REFINERS’ USE OF 
FILTROL CATALYSTS 







1946 


Their experienced 
judgment speaks for 


FILTROL 


REFINERY EXECUTIVES, produc- 


1945 


1944 


tion managers and technical staffs 
responsible for economical refinery 
1943 balance — the men that actually re- 
fine the bulk of America’s produc- 
tion — use and specify more Filtrol 
today than at wartime peak. 

¢ Experienced refiners compare cat- 
alysts at their practical optimum 
plant operation levels — integrated 
with overall refinery baiance — and 
they continue year after year to 


specify Filtrol Catalysts. 





634 So. Spring St., Los Angeles 14, Californio 


Plants: Vernon, Calif., and Jackson, Mississippi 
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*Reg. U.S. Pat. Off. 
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A new type of purifier for ab- 
sorption oil in a natural gasoline 
plant increases absorption effi- 
ciency, thus resulting in greater 
recovery of natural gasoline. One 
plant claims the recovery of an 
additional 700 gals. of raw 
product per day after installing 
the purifying equipment. 


The procedure involves sepa- 
rating a portion of the fat oil 
stream before it enters the recov- 
ery still and bypassing it through 
a special purifying vessel. This 
bypassed portion is vaporized 
with steam in the purifier, the 
combined steam and oil vapors 
passing overhead and entering 
the still at the usual steam inlet. 
Heavy ends, dirt and other im- 
purities in the absorber oil are 
left behind in the purifier and 
collect in the bottom, 
drained off periodically. 


being 


Cost of the purifying unit 
ranges from $2000 to $6000, de- 
pending on size, plus installation 
and piping costs of from $500 to 
$1500. 


HE most vital single item about a 

natural gasoline plant is the absorption 
oil, for on the characteristics and quality 
of this material depend the excellence of 
the extraction job it performs and an im- 
portant portion of the overall plant effi- 
ciency. A severe drop in the overall 
extraction efficiency of the absorber oil 
may spell the difference between a red 
or black balance for the plant in the 
bank book. 

Absorber oil has the pernicious habit 
of ‘absorbing other things than “wild” 
natural gasoline, which reduces its effi- 
ciency and that of the plant as well. It 
becomes contaminated with dirt, gums, 
crude oil fractions, lubricating oils and 
other foreign matter picked up from the 
incoming gas stream or from sources of 
contamination elsewhere in the plant. 

Hydrogen sulfide is not an uncommon 
source of much of this “muck”, develop- 
ing from corrosion of plant equipment 
and gathering lines or resulting from 
reaction of this compound with the ab- 
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Continuous Absorption Oil Purifier 


Continuous absorption oil purifier installed in a modern natural gasoline plant. 
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Large vessel in foreground is the purifier, vessel in background is fat oil stripping 

still. Liquid level controller is visible on the purifier and oil inlet line can be 

seen entering at left. Overhead line conducts purified oil and natural gasoline 
vapors, plus all stripping steam for the fat oil stripper in background 


sorber oil under the influence of heat, 
steam and pressure during stripping. 

The incoming gas stream also is re- 
sponsible for considerable muck contribu- 
tion in many cases. Much of this is 
caused by crude oil entrainment from in- 
efficient field separators (over which the 
plant operator usually has little or no 
control) or dirt from gathering lines and 
other sources. From a technical stand- 
point this can be controlled by installa- 
tion of adequate scrubbers on the gas in- 
let line, but this is commonly regarded 
as an expensive means of control. 

The compressors in the plant are a 
common source of contamination too, 
through carry-over of lubricating oil in 
the compressed gas stream. This carry- 


over can be eliminated by scrubbing also, 
subject to the same objection as above. 

This muck, of whatever its origin and 
composition, is retained by the absorption 
oil up to a limit which depends on the 
oil, design of equipment and operating 
conditions in the plant. When this limit 
is reached—and generally it is but a few 
per cent—the material begins to deposit 
out on heat transfer surfaces, in distil- 
lation towers, and in ports and orifices of 
pumps and control instruments in_ the 
plant circulatory system, Also, presence 
of this high-boiling material begins to 
lower the absorption efficiency of the oil, 
raising the gasoline content of the residue 
gas. 


Still another effect is to raise the vis- 
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Absorption Oil Purifier 





cosity of the oil, increasing the horse- 
power required for circulation. If per- 
mitted to continue long enough, the pour 
point of the oil may be sufficiently in- 
creased to cause circulation difficulties or 
complete blockage of the system in win- 
ter. 

There is wide difference of opinion 
among plant operators as to what specific 
characteristics must be maintained in an 
absorption oil for best plant efficiency. 
Neither is there any agreement on the 
tests to be used. Usual test is a periodic 
ASTM distillation of the oil, which ordi- 
narily ranges from a heavy kerosine to 
a light furnace distillate, with the end- 
point being of particular interest in de- 
tecting contamination. Some plants use 
end-points ranging from 500 to 700° F.; 
one engineering authority suggests that 
this figure should not exceed 550° F. and 
recommends 520° F. Some operators 
also use a pour test, but here again no 
definite figure is agreed upon, although 
most admit it should not exceed 30° F. 

A number of methods are in use by 
natural gasoline and cycling plants for the 
purpose of controlling quality of absorp- 
tion oil. The most obvious but not gener- 
ally applicable procedure is to bleed off 
a portion, either continuously or inter- 
mittently, in sufficient quantity to prevent 
accumulation of muck in the system. This 
is easily done in a cycling plant, for in- 
stance, the discarded material being in- 
cluded with the heavy ends of the con- 
densate or burned. Make-up is, of 
course, a diverted portion of the lighter 
condensate and, relatively speaking, costs 
the plant little or nothing. Plants which 
must buy absorption oil generally cannot 
afford this procedure. 

Another common method is to periodi- 
cally or continuously bleed off a portion 
of the absorber oil for conventional batch 
distillation to whatever end-point is de- 
sired, the heavy material being discarded 
and the clean oil returned to the system. 


a shut-down period for batch-distilling 
the absorber oil and maintain no storage 
sufficient to replace dirty with clean oil 
without bringing the plant down. 

In any case, a suitable-sized distillation 
column, appropriately equipped with con- 
trol instruments, pumps and necessary 
tankage facilities, must be provided for 
the clean-up operation. The time of at 
least one man for the job and the heat 
necessary for the distillation are addi- 
tional expenses accruing each time the 
oil is cleaned. 

A very effective oil purifying method 
involves the installation of a small vessel 
close to the oil still which receives a 
small amount of the oil in circulation. 
This drum contains a heating coil and 
process steam spray pipe to vaporize the 
desirable portion of the oil. The accumu- 
lated heavy material, which consists of 
the contaminating dirt or other solids 
plus heavy ends from crude and lubricat- 
ing oil, is periodically drained from the 
vessel. This unit, described more par- 
ticularly below, has the advantage of not 
requiring a special tower or pumps, con- 
densers and other auxiliary equipment; 
is continuous and requires no additional 
plant utilities or extra manpower for its 
operation. 

This method of purification was de- 
veloped and patented by Petroleum En- 
gineering, Inc, of Houston and Tulsa, and 
is called an “Oil Purifier.” It consists 
of a short column with shell thickness 
dictated by the plant working pressure, 
equipped with a heating bundle, provi- 
sion for injection of stripping steam, a 
mist extractor, a liquid-level controller 
and a manually-operated drain. The 
bundle is designed sufficiently large to 
supply the heat necessary to vaporize 
the clean oil which is distilled. All of 
the stripping steam which normally would 
be injected directly into the still is in- 
stead injected at the base of the purifier. 
For these reasons, each purifier must be 





photograph of a plant installation on the 
preceding page. Referring to Fig. 1, ab- 
sorption oil from the hot oil vent tank en- 
ters the oil purifier through a valve con- 
trolled by the purifier liquid-level con- 
troller. Heat from the steam bundle, 
plus stripping steam, carries the vaporized 
oil overhead through a mist extractor and 
thence to the oil still. The combined 
steam and oil vapors enter the still at 
the usual steam inlet connection. The 
clean oil is recondensed on the still strip- 
ping trays and rejoins the normal plant 
flow at the still base. 


Heavy ends and dirt in the absorber 
oil are left behind in the purifier, where 
they collect in the bottom, Periodically, 
the accumulation is drained manually, 
the frequency of this, the only operating 
attention necessary, depending on the 
buildup of accumulation in the purifier. 
When a unit is first installed in a “dirty” 
system, it is frequently necessary to drain 
it down once a shift for the first few 
days of operation. This declines rapidly 
as the oil is purified and accumulated 
muck deposited in the system is dissolved. 
When the plant is completely clean (or 
in the case of a new plant) once a week, 
once a month or even longer may elapse 
between drainings, the frequency depend- 
ing solely on the sources of contamina- 
tion. Some plants are inherently “dirty” 
(usually casinghead plants) while others 
(generally those handling pipeline gas) 
are normally “clean.” 

The purifier generally is designed to 
have the same diameter as the still it 
serves or slightly smaller its size being 
particularly determined by the oil circu- 
lation and process steam, volume of the 
plant. Height ordinarily is from 10 to 
15 ft., although the actual criterion is 
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Fig. 1—Simplified flowsheet of purifier system for gasoline plant absorber oil 








PETROLEUM ProcESsING, September, 1946 













M-E-K SOLVENT DEWAXING PLANT 


This 2000-barrel M. E. K. Solvent Dewaxing Plant (process licensed by 
Texaco Development Corporation) was recently éompleted by Arthur G. 
McKee& Company for The Pennzoil Company at Oil City, Pa. Design, engi- 


neering and construction were handled entirely within our own organization. 
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Absorption Oil Purifier 
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10 20 30 40 50 
NUMBER OF DAYS OF OPERATION 
Fig. 2—Graph of natural gasoline con- 
tent of residue gas vs. days of puri- 
fier operation shows increased absorp- 
tion efficiency when heavy ends are 
removed from the oil 





that the unit must be tall enough to 
assure no entrainment or carryover of 
liquid into the still. The usual purifier 
sizes range in cost from about $2000.00 
up to $6000.00 plus installation and pip- 
ing costs, ranging from $500.00 to 
$1500.00 

Since no extra steam or other heat is 
required by the purifier, the only losses 
are those by conduction and radiation 
from the unit. Insulated like the still, 
such losses are extremely minor. A minor 
quantity of heat also is lost when the 
purifier is drained of the muck separated 
from the absorber oil. 

Fig. 2 is a plot of natural gasoline 
content of residue gas versus days of 
operation of an oil purifier unit, showing 
the effect of increased absorption effi- 
ciency. It will be noted that gasoline 
content of residue gas had declined from 
0.054 gal. to 0.04 gal. per 1000 cu.ft. of 
gas within 30 days. This was a 50,000,- 
000 cu. ft. plant in which the absorp- 
tion oil as well as the circulatory system 
was extremely dirty when the purifier 
was installed. On this basis, the in- 
crease in absorption efficiency represents 
an additional recovery of 700 gal. of raw 
product which, at an assumed value of 2c 
per gal. would amount to about $14 per 
day. 

The oil purifier not only cleans the oil 
and keeps it clean, but also cleans the 
entire absorber oil circulatory system. 
This is because the clean oil has a ten- 
dency to redissolve the muck previously 
deposited. Fig. 3. strikingly demon- 
strates this. 

The curve of Fig. 3 represents the tem- 
perature differential between lean oil 
leaving the jean oil coolers and the en- 
tering cooling water. Within 45 days 
after purification commenced this differ- 
ential declined from 9° F. to 1.8° F., re- 
sulting in higher efficiency in the heat 
transfer equipment and a greater light- 
ends absorption capacity for the oil. 

Figs. 4 and 5 further demonstrate the 
effect of the purifier on the characteris- 
tics of the absorber oil. Fig. 4 is a plot 
of molecular weight of absorber oil vs. 
days of purifier operation. The reduction 
of molecular weight from 194 to 179 in- 
creases the absorptive qualities of the 
oil and also reduces the quantity of strip- 
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NUMBER OF DAYS OF OPERATION 
Fig. 3—Removal of “muck” from ab- 
sorber oil by the purifier helps clean 
the plant, as shown in this curve of 
temperature differential between lean 
oil leaving coolers and entering cool 
water vs. days of purifier operation 
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10 20 30 40 50 
NUMBER OF DAYS OF OPERATION 
Fig. 4—Oil purifier removes heavy 
ends, which lower absorption effi- 
ciency, from absorber oil. This graph 
of absorber oil molecular weight vs. 
days of purifier operation indicates re- 
duction in molecular weight from 194 
to 179 in 50 days operation 





ping steam required to remove the gaso- 
line fractions in the still. 

The curve of Fig. 5 represents the 
percentage of absorber oil residue boil- 
ing above 520° F. vs days of purifier 
operation. In this particular case the 
high-boiling residue has decreased to less 
than 2% from ithe original 25% after 45 
days operation. The oil in this plant 
was being contaminated largely by high- 
boiling fractions from compressor lubri- 
cating oil and from crude entering the 
plant with the intake gas. Neither have 
any value as an absorbent for naturai 
gasoline fractions and contribute mate- 
rially to the inefficiency of this plant as 
a whole, 

Fig. 6 shows another saving made pos- 
sible by purified absorber oil. Here vis- 
cosity of the oil is plotted against days of 
purifier operation and indicates that a 
viscosity drop of 15 centipoises occurred 


in 50 days. Lowering of viscosity re- 
duces the pressure loss through the pip- 
ing and consequently reduces the power 
required in pumping oil. In addition, a 
higher rate of heat transfer in the oil 
coolers, heat exchangers and rich-oil pre- 
heater will result from the decreased vis- 
cosity. 

According to Petroleum Engineering, 
it is difficult to set forth any specific 
dollars-and-cents figure representing pay- 
out or savings to be expected from the 
installation of an absorber oil purifier. 
In the case of the 50,000,000 cu. ft. plant 
mentioned ealier, the 700-gal. additional 
per day recovery of natural gasoline 
would pay for a fairly large purifier in 
less than a year, but this is admittedly an 
extreme case. 

Lowered operating costs from reduced 
requirements of stripping steam, lessened 
pumping costs and increased heat transfer 
efficiency would not be of such a mag- 
nitude and might not be directly at- 
tributable to the purifier. Similarly, sav- 
ings resulting from less frequent shut- 
downs to clean out circulation system 
might not be directly apparent, but di- 
rect costs for redistilling absorption oil 
and elimination of shutdowns for this pur- 
pose should be quickly apparent, al- 
though the reduction in overali costs 
would be dependent on the rate at which 
the oil has become unusuably contami- 
nated in the past. 
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Fig. 5—Absorber oil purifier reduces 

high-boiling residue in absorber oil 

92°/ in 45 days of operation in this 

plant, as shown by plot of percent 

high-boiling residue vs. days of puri- 
fier operation 
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NUMBER OF DAYS OF OPERATION 
Fig. 6—Viscosity of absorber oil plot- 
ted against days of purifier operation 
shows drop of 15 centipoises in 59 
days. Reduced viscosity of absorber 
oil means less pumping power, higher 
rate of heat transfer 
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Air and Oil Vapor Tubes in Houdry Case 
Now Easily Removable for Inspection 


MPROVEMENTS in the Houdry cata- 
lytic cracking process recently an- 
nounced include a new design of the re- 
actor tubes and a change in the physical 
composition of the catalytic mass in the 
reactor. Lower operating costs and in- 
creased gasoline production have been 
achieved by the changes. The new design 
is adaptable to standard Houdry reactors, 
In the new design, all tubular elements 
conveying air and oil vapors to and from 
the catalyst space in the reactor are easily 
removable, being assembled by a threaded 
joint in the lower tube sheet. This im- 
provement makes possible the cleaning 
of all distributing elements with every 
catalyst change, resulting in improved 
distribution of air and hydrocarbon va- 
pors. 

In the former design the air outlet 
tubes were welded to their respective 
salt tubes and hence their inspection 
and cleaning necessitated dismantling the 
reactors, including the rolled and welded 
joints of the salt tubes. 

The new design also calls for the 
elimination of the interlocking feature 
of the tube fins to facilitate removal of 
catalyst. The new fins are extremely 
sturdy and heavily welded to the cooling 
tubes. Due to the heavy section of the 


Material in this article was taken from a re- 
port entitled “Increased Gasoline Production 
at Lower Cost with Improved Houdry Reactor 
Design”, by R. C. Lassiat, Houdry Process 
Corp., and C, H. Thayer, Sun Oil Co. 
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fins, the additional welding and the re- 
duced surface, the metal temperatures 
are considerably reduced. An improved 
design has also been made for the peri- 
phery of the reactors to eliminate the 
tendency for undue heating of the liner, 
border tubes or the shell of the reactors. 

Figs. 1 and 2 show the general arrange- 
ment in vertical and horizontal sections 
of the new design of Houdry reactor, as 
compared with the earlier design. 

The change in the physical composition 
of the catalyst calls for mixing the cata- 
lyst pellets with a granular, chemically 


inert, cheap material of high volumetric 
heat capacity, which is easily recoverable 
during catalyst changes. The effect of 
the chemically inert material is to limit 
the temperature rise of the catalyst dur- 
ing regeneration and the temperature 
fall during on-stream periods, thus in- 
creasing the heat capacity. Since the 
new tube design results in an increased 
volume of catalyst space, the addition 
of the inert material does not change 
the active catalyst capacity. 


The new design of Houdry reactor, 
developed by engineers of Houdry Proc- 
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Fig. 1—(Right) Longitudinal section of modified design of Houdry reactor: left is sectional view of standard reactor in 
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general use today 
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Prepare your motor oils for winter 

\\ \ Q\ performance. Use PARAFLOW for 

(\ \" stable pour and positive low-tem- 
\\\ perature starting ... PARATONE 
for high V.I., quick starting and 

















good body after warm-up. 
t 
* ; 
| make good motor oils better! 
ADDITIVES WITH A BACKGROUND PARAMINS INCLUDE: PARATONE —for improved viscosity index. 
PARAFLOW —for lower stable pour. 
PARATAC —for tacky oils and greases. 
PARAPOID —for E.P. gear oils. 
PARANOX —for inhibiting corrosion and oxidation. 
PARASHEEN—for better appearance. 
PARADYNE —for improved gasoline. a 
*Trade Mark 


Distributed by: Stanco Distributors, Inc., 26 Broadway, New York 4, N. Y.; Stanco Distributors, Inc., 221 North La Salle St., Chicago 1, Ill.; The Carter 
Oil Co., P. O. Box 801, Tulsa, Okla.; Griffin Chemical Co., Los Angeles and San Francisco, Calif.: Imperial Oil Ltd., 56 Church St., Toronto 1, Canada 
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New Tube Design for Houdry Case 





ess Corp. and Sun Oil Co. is adaptable 
to all standard Houdry reactors, Its ad- 
vantages have been demonstrated by a 
years operating experience with a 12- 
case cracking plant at Sun’s Toledo re- 
finery. A similar 12-case, 20,000-bbl. 
plant at Sun’s Marcus Hook refinery has 
also been equipped with tubes of the 
new design. In addition, Sun recently 
completed the conversion of a_ third 
12-case plant with tubes containing fur- 
ther improvements over those installed 
in the first two units. 


Existing Houdry reactors can be con- 
verted to the new type by changing tubes, 
jacket liner and top tube sheet. Since 
these items ordinarily have to be re- 
newed after 5 or 6 years’ operation, no 
additional expenditure is involved beyond 
the normal cost of replacement by making 
the conversion at this time, 

In Sun’s operations with the previous 
design of reactors, catalyst life when pro- 
ducing motor gasoline averaged about 18 
months. Starting with a new plant, the 
usual practice when making the first cata- 
lyst change has been to “shake” out the 
catalyst. This is accomplished by remov- 
ing the top head, top catalyst tube sheet 
and the regeneration tubes which can be 
unscrewed from the top. Vibrators are 
then placed on the cooling and collector 
tubes which remain in place, and the 
catalyst falls out of the bottom of the re- 
actor through the holes provided by re- 
moval of the regeneration tubes. 

About 18 months later, when the sec- 
ond catalyst change is made, all of the 
tubes are removed from the cases for 
cleaning and repair. 

When making catalyst changes it is 
general practice to shut down half of the 
reactors in a unit; by charging full 
throughput through the remaining half, 
the overall gasoline production during 
the catalyst change period is about 75% 
of normal. The shut-down for one set 
of 6 reactors of the previous design for 
the first catalyst change has averaged 20 
days with a minimum labor requirement 
of 4000 man-hours per case, The second 


Fig. 2—(Right) Typical tube pattern in 

modified design of Houdry catalyst 

case. Below is similar horizontal cross 
section of conventional case 
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Fig. 3—Catalytic gasoline and butane yield in a typical Houdry fixed-bed plant 
for 12 months 





catalyst change, when all of the tubes are 
removed, has usually required a shut- 
down time of 6 to 7 weeks, during which 
12,000 man-hours are required per case. 
A few months ago, by efficient schedul- 
ing of all operations, this job was done 
on a 6-case plant of the previous design 
in 29 days from off-stream to on-stream. 


Shut-Down Time Reduced 


Catalyst changes with the new type of 
tube, whether it be the first, second or 
any subsequent .change, require only 7 
to 10 days from stream to stream and 
1200 to 1500 man-hours per case. 

The design of the fixed-bed reactors 
used in the Houdry catalytic cracking 
process is governed by the following fac- 
tors: 

1. Rate of heat removal of the order 
of 10,000 BTUs per hour per cubic foot 
of catalyst space. 

2. Temperature control during the 
cracking period. 

3. Limitation of maximum temperature, 


during regeneration period, below values 
detrimental to catalyst life. 

4. Catalyst bed depth and accurate dis- 
tribution of vapors and air. 

5. Mechanical considerations of as- 
sembly, thermal expansion, catalyst load- 
ing and unloading, etc. 

Several years of commercial operation 
have shown that, insofar as temperature 
control, yields and catalyst life are con- 
cerned, the design has been satisfactory. 
Results predicted in laboratory evaluations 
have been maintained over long periods 
of time as illustrated by Fig. 3, which 
shows a typical plant performance dia- 
gram over a period of 12 months. 

In this plant a heavy distillate obtained 
mostly from East Texas Crude was proc- 
essed for the production of debutanized 
gasoline and B-B cut. The reactor charge 
is a high boiling tar separator overhead 
of the characteristics given in Table 1. 

Fig. 4 shows a typical temperature pat- 
tern obtained during a complete cycle in 
a laboratory pilot unit similar in tubular 
arrangement to conventional commercial 
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Opinions differ as to whether it is preferable to build indepen- 


’ y 
dent topping units—for flexibility; or in combination with 





thermal or catalytic cracking—for operating economy. Regard- 








less of the decision conditions or preference may dictate, Badger 
has the experience and ability to provide what is wanted... 
to design single or multi-stage topping units of the most effi- 
cient and economic type; and to engineer and erect them so 


that the ‘core of the refinery’”’ will be long lasting, easy to 


maintain and dependable in operation. 
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New Tube Design for Houdry Case 
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Fig. 4—Typical temperature pattern for complete cycle, con- 
ventional design, Houdry laboratory pilot unit. 100% Cata- 
lyst; Carbon: 7 gms/liter/cycle 
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Fig. 5—Heat liberated and absorbed during complete cycle, 
conventional design of Houdry laboratory pilot unit. 100% 
Catalyst; Carbon: 7 gms/liter/cycle 











reactors, and where accurate temperature 
measurements are taken. The chart shows 
that the rate of combustion is rapid as in- 
dicated by the fast increase of tempera- 
ture during regeneration and that the pro- 
gression of combustion through the bed 





TABLE 1 


Distillation Characteristics of Reactor 
charge* of Fixed-Bed Houdry Plant 


Dist. Temp. 
Point Deg. F. 
Init. ... 480 
5% “a 525 
10% Pade 575 
30% cee, oe 
50% ee 
70% ‘ 785 
90% . . 875 
95% «i'n ee al 
EP 1000 + 


*High boiling tar separator overhead. 








occurs in a fairly narrow zone as the 
maximum temperatures are attained at the 
end of the bed after combustion is com- 
plete at the front. 

On Fig. 5 are plotted the rate of heat 
liberation as measured by the analysis of 
the regeneration flue gas and the rate of 


heat absorption as measured by the tem- 
perature differential between catalyst and 
cooling medium. At their point of inter- 
section the area between the two curves 
represents the total heat absorbed by the 
catalyst and the finned elements. This 
heat is released subsequently during the 
air purge and the “on-stream” period by 
the salt and also the heat of reaction. 

Figs. 6 and 7 show the plot of tempera- 
tures during the cycle and the respec- 
tive rate of heat release and heat absorp- 
tion for the modified design of the 
Houdry unit. By comparison with the 
similar plots of Figs. 4 and 5, the fol- 
lowing conclusions may be drawn: 

1. The overall rate of heat transfer be- 
ing decreased, the differential tempera- 
ture between catalyst and salt is higher 
during the on-stream period. This factor 
is corrected by adjustment of the other 
operating variables such as salt tempera- 
ture and on-stream pressures. 

2. At the same carbon burn-off, the tem- 
perature differential during the regenera- 
tion period is lower, due to the increased 
heat capacity of the system. 

3. The effect of the variation of heat 
transfer and heat capacity is shown by 


the large increase in heat absorbed in the 
catalyst during the regeneration period. 

The experience of the first year of oper- 
ation has led to certain additional im- 
provements which are now incorporated 
in the latest units built, as follows: 

1. Addition of fins on one half of the ] 
K.T. tubes (shown in dotted lines on Fig. 
2) resulting in an increase of coke-burn- 
ing capacity, all of the advantages of the 
design remaining. 

2. Replacement of the packing insur- £: 
ing tightness of the top tube sheet against 
the tubular elements carrying oil‘ and air 
to and from the top of the cases to the 
catalyst space by a stainless steel bushing 
providing enough clearance for passage 
of part of the air and vapors. Adjustment 
of orifice sizes governing the flow through 
the upper bed is made to insure proper 
distribution. With this scheme, the time 
of removing packing, as well as cost of 
replacement are eliminated. 


References 
“Design and Operating Features of Houdry 
Fixed-Bed Catalytic Cracking Units,” R. H. 
Newton and H. G. Shimp, NATIONAL PETRO- 
LEUM NeEws, Technical Section, May 2, 1945, 
pg. R-333. 
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Fig. 6—Typical temperature pattern for cycle, modified de- 
sign of Houdry catalyst case, laboratory pilot unit. 72% 
Catalyst, 28°, Inert: Coke: 7 gms/liter/cycle 
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Fig. 7—Heat liberated and absorbed during cycle, modified 
design of Houdry reactor, laboratory pilot unit 
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Years ago, when American Industry was still in 
its infancy, The Wm. Powell Company adopted 
a definite, farsighted policy . . . to concentrate on 
making valves only—valves of every design, for 
every service in every branch of industry. 


That is why, today, Powell can supply valves to 
meet every known flow control requirement in 
your plant. And, if you have any flow control 
problems, Powell Engineers will gladly help you 
solve them. 


When writing for catalogs, kindly specify whether 
you are chiefly interested in Bronze, Iron, Steel 
or Corrosion-Resistant Valves. 


Fig. 3031 


Fig. 1561 
Gate Valve. Has flanged ends, outside 
screw rising stem, bolted flanged yoke 


\ Fig. 1503—-Class 150-pound Cast Steel 
A. 

| 

and taper wedge solid disc. 


Fig. 1561—Class 150-pound Cast 
Steel Swing Check Valve with 
flanged ends and bolted cap. 
Disc, when wide open, permits 
full unobstructed flow through 


| Fig. 1793—125-pound Iron Body Bronze 
the valve body. 


Mounted Gate Valve with flanged ends, 
outside screw rising stem, bolted flanged 

/ yoke, bronze seat rings and taper wedge 

solid disc. Also available in All! tron. 


Fig. 3031—Class 300-pound Cast Steel 
Globe Valve with flanged ends, outside 
screw rising stem and bolted flanged 
yoke. 


Fig. 1793 


The Wm. Powell Company, Cincinnati 22, Ohio 


DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES 
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Physical Methods of Analysis Used 
To Solve Refinery Chemical Problems 


NEw techniques for using physical 

apparatus and physical procedures 
in the identification and analysis of hy- 
drocarbons are being developed by the 
Physics Division of the Riverside Lab- 
oratories of the Universal Oil Products 
Co., near Chicago. 

These methods are also being used in 
the work there in the improvement of 
catalysts with respect to catalyst life, 
activity, mechanical strength, and other 
factors. In fact, the work of the Physics 
Division started in 1939 with a study 
of catalysts. Up to that time little at- 
tention had been given to applying phy- 
sical methods to the solution of chemi- 


cal problems of the petroleum refiner.. 


That physical methods of analysis 
can be profitable when applied to the 
oil industry is indicated by the advan- 
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tages shown over chemical analytical 
methods, it is said. A study of the sam- 
ple “as is” is made possible with physi- 
cal methods in contrast to the necessary 
destruction of the sample in the case 
of chemical analysis. Another advantage 
reported is the possibility of obtaining 
a continuous story about a reaction; for 
example, in a unit process, by a pro- 
gressive study of a sample in its actual 
state at various successive stages in the 
reaction. 


The equipment at Riverside, now 
housed in a new building, includes ultra- 
violet, visible, infrared, and Raman 
spectroscopic apparatus, a mass _ spec- 
trometer, X-ray and electron diffraction 
units, an electron microscope, micro- 
photometers, and surface area measur- 
ing equipment, Also provided is a wide 


\ 


Ultraviolet spectrophotometric methods using instruments similar to the one shown 





have had widespread use in the petroleum industry. They are used in controlling 


the operation of hydroforming units in toluene production, and control of butadiene 


and styrene production 
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variety of physical and electrical ap- 
paratus for determining various prop- 
erties of oils and catalysts, such as di- 
electric constants, porosities, freezing 
points, and others. 


Although the physical instruments are 
not new, their application to the field 
of refining is relatively new. Some of 
them are described below, and there is 
pointed out the kind of information on 
the properties and characteristics of hy- 
drocarbons that can be obtained through 
their use.* 


Ultraviolet Spectrophotometry 


When ultraviolet light is passed 
through a sample of a chemical com- 
pound, certain wave lengths of light are 
absorbed more than others. The result- 
ing absorption spectrum, which may be 
obtained with an ultraviolet spectropho- 
tometer, is different for each compound. 
Application of this instrument has _ re- 
sulted in improved methods of analysis 
in the petroleum industry. 

For example, it is used in controlling 
the operation of hydroforming units for 
the maximum production of toluene, and 
in the control of butadiene and styrene 
production. 


The instrument at the Riverside lab- 
oratory, a Beckman quartz spectropho- 
tometer, Model DU, serves excellently 
for quantitative and qualitative deter- 
minations as well as pure research in 
many unsaturated hydrocarbons. Work 
with saturates has been unsatisfactory. 
Among substances successfully measured 
in addition to those mentioned above are 
isoprene, benzene, carbonyl groups, nitro 
groups, and benzene derivatives. Inor- 
ganic ions may also be analyzed quickly 
and accurately; for example, magnesium 
in silica-magnesia cracking catalysts. 


Infrared Spectroscopy 


The applications of infrared spec- 
troscopy are based on the important facts 
that no two hydrocarbons exhibit the 
same absorption pattern, and that the 
pattern obtained for a mixture is simply 
the sum of those of the components. 
Thus, it is possible with this instrument 
to obtain reliable quantitative and quali- 
tative analyses that were extremely dif- 
ficult or time-consuming by other meth- 
ods. 

Among these are the studies of the 


*Material in this article is taken from a paper 
entitled “Expanding Physics Research Division 
Broadens its Activities,” by G. M. Webb, W. S. 
Gallaway, M. J. Murray, and C. H. Ehrhardt, 
of Physics Division, Universal Oil Products Co., 
made available at the opening of the Division’s 
new laboratory, August 1, 1946. 
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Physical Analysis of Hydrocarbons 











The infrared spectrophotometer shown above has begun to find considerable 


use in continuous control of HF alkylation processing operations, such as over- 


head and bottom streams from fractionators and rerun towers. Reliable quanti- 


tative analyses are possible because no two hydrocarbons exhibit the same ab- 


sorption patterns 


products of alkylation and isomerization 
plants, which lead to increased produc- 
tion of better aviation gasolines. 


The infrared spectrometer in use, a 
Littrow type instrument, was custom 
built for UOP by Gaertner Scientific 
Co. The uniqueness of the infrared spec- 
trum of a given hydrocarbon is the basis 
for much of the work done with this 
instrument, A direct comparison of the 
spectrum of a sample with that of a 
pure material will show which com- 
pounds are present or absent by the cor- 
responding presence or absence of the 
characteristic absorption patterns. Quan- 
titative determinations follow imme- 
diately because the intensities of the ab- 
sorptions are proportional to the con- 
centrations. 


Infrared spectrophotometers have been 
used on 24-hour-per-day continuous duty, 
recording the analysis of a hydrocarbon 
gas stream and automatically controlling 
the distillation process. They have seen 
increasing service, particularly in HF 
alkylation plants, for the control of 
overhead and bottom streams from frac- 
tionators, and from de-isobutanizer, de- 
propanizer, and de-butanizer rerun tow- 
ers, as well as for the control of par- 
affin-olefin ratios. 


Further details as to applications of 
this instrument were published in pre- 
vious issues of NPN, Technical Section 

See list on page 48). 


Raman Spectroscopy 


The Raman effect, though obtained 
in an entirely different manner than the 
infrared absorption spectrum, is consid- 
ered to be a complement to infrared ab- 
sorption work. As in infrared absorp- 
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tion, each compound exhibits its spec- 
trum, which is different from that of 
every other compound. The Raman ef- 
fect is mainly useful in qualitative iden- 
tification and semi-quantitative analyses 
of organic compounds in unknown mix- 
tures. It can be employed with aqueous 
solutions as well as with anhydrous mix- 
tures. 

In order to obtain Raman spectra, it 
is only necessary to pass light from a 
mercury lamp (not the high tempera- 
ture, high pressure type) into a sample 
and observe by use of a spectrograph 
the light scattered by the sample for 


any direction normal to the incident 
beam, The spectrum obtained would be 
very complex unless nearly monochro- 
matic radiation is used, and the low 
pressure, low temperature mercury lamps 
come nearest to being the ideal source 
of such radiation. 

The difference between the frequency 
of the light before and after passing 
through the sample is called Raman fre- 
quency or Raman shift. This shift is the 
counterpart of the absolute frequency 
of the absorption bands in the infrared, 
and it has been found to bear a direct 
relation to the difference in frequencies 
of ultraviolet absorption bands. 

The magnitude of the shift depends 
on a number of factors influenced by 
the type of hydrocarbon undergoing ex- 
amination, thus providing an analytical 
method. Single, double, and triple car- 
bon linkages each have a definite ef- 
fect on the frequency differences. In 
addition the mass of the atoms involved 
has a direct effect. 

The complementary effect of the Ra- 
man technique with the infrared is 
pointed out as follows: Solutions con- 
taining water can be readily examined 
by the Raman effect but are untouch- 
able by infrared. Each Raman spectrum 
covers the complete range and many 
low frequency bands, hard or almost 
impossible to get o: infrared, are read- 
ily accessible by Raman methods. 


Mass Spectrometry 


When a molecular compound is bom- 
barded with electrons, the molecules are 
“cracked”, and a large number of posi- 
tively charged fragments is produced. 
The relative abundancies of the various 
fragments are unique for each com- 
pound for a given set of operating con- 
ditions. It is this property which is used 
in the mass spectrometer. 

With this instrument it is possible to 





An extremely sensitive detector is the quartz emission spectrograph shown 
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here. 
Minute traces (less than 1 ppm) may be identified very rapidly with this instrument 
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IN THE SEARCH for better gasoline antioxidants, I 
this Du Pont technician tests relative effects of 
various additives on gasoline oxidation stability. 
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OXIDATION BY AIR need no longer be a constant 
threat to your gasoline. Du Pont Gasoline 
Antioxidant No. 6 was especially developed 
to knock the “‘wind” out of this enemy of 
fuels. It’s a highly effective aminophenol-type 
inhibitor, standardized for uniformity of anti- 
oxidant efficiency. Its use is recommended as 
a means of eliminating more costly refining 
processes for all types of cracked and blended 
gasolines. It is easily blended with gasolines 
and is compatible in all respects with Du Pont 


Metal Deactivator, another proved aid to 
refiners. 


CONSULT DUPONT about your problems. Du 
Pont technical men, with many years of prac- 
tical experience in the laboratory and in the 
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field, will work with you in selecting or de- 
veloping the right materials to meet your 
specific needs. For more details, write to 
E.I.du Pont de Nemours & Co. (Inc.), Petro- 


leum Chemicals Division, Wilmington, Del. 
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Physical Analysis of Hydrocarbons 








The recording microphotometer measures accurately X-ray diffraction lines. Be- 
cause of the direct relation between the width of such lines and crystalline par- 
ticle size in the submicroscopic size, results from this instrument are valuable 


in determining catalyst activity which 


study mechanism of reactions by incor- 
porating a small amount of a_ tracer 
isotope in the reaction mixture, and fol- 
lowing the entire reaction by analyzing 
the reaction products for the tracer iso- 
tope. 

The mass spectrometer has been suc- 
cessfully used for control of the over- 
head products of fractionator units in 
distillation cracking 
processes. It has been described in con- 
siderable detail and numerous applica- 
tions cited in past issues of National 
Petroleum News Technical Section (see 
list on this page). 


processes and in 


Emission Spectroscopy 


A large Bausch and Lomb Littrow 
spectrograph rounds out the spectro- 
graphic facilities at the UOP laboratory. 
It is primarily designed for the study 
of emission spectra in the ultraviolet, 
visible and photographic infrared re- 
gions. 

The value of this particular instru- 
ment lies in the positive character of 
the indentification of given elements, 
its sensitivity to the minutest traces (less 
than 1 part per million), and the rapidity 
of obtaining results. 


X-Ray Diffraction 


X-ray diffraction offers a method of 
studying the arrangement of the atoms 
in all kinds of matter. By this method 
it is possible to distinguish between 
various crystalline forms of the same 
material, and between different states 
of hydration. It also presents a method 
of measuring the average crystal size of 
powdered materials. A wide range of 
catalytic materials have been studied by 
this means. For example, studies by these 
methods on the transformations of Al,O, 
under various conditions of heat treat- 
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is dependent primarily on crystallite size 


ment, aided greatly in the development 
of a superior hydroforming catalyst for 
the production of toluene for the war 
and for the improvement of post-war 
motor gasoline. 

Positive identification is possible be- 
cause each compound has its own char- 
acteristic diffraction pattern. Diiferent 
crystalline forms of the same element 
may be identified as well as various 
states of hydration. It is also possible 
to differentiate between water of hydra- 
tion and water which is held only by 
adsorption. 


Electron Microscopy 


The electron microscope permits ob- 
jects which are only one one-hundredth 


of the minimum size visible in the best 
optical microscopes to be photographed. 
The instrument’s construction is entirely 
analogous to the ordinary optical micro- 
scope. There is a source of “light”, a 
condensing lens to focus the light on 
the specimen, an objective lens, a pro- 
jector lens, and a camera. 

The light source is an electron gun. 
The condensing lens is a cylindrical mag- 
netic coil which concentrates the elec- 
tron beam onto the specimen to be ex- 
amined. The balance of the instrument 
is similar to the optical device, The 
final image, however, may be viewed 
on a fluorescent screen instead of be- 
ing photographed. 

In the field of catalysts the electron 
microscope has furnished a method of 
studying the particle size and shape of 





Dr. G. M. Webb, director of UOP’s 
Physics Division 
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Previous NPN Stories on 

Physical Analysis Methods 
Some ot the physical testing instruments now in use at the UOP Riverside Phys- 
ical Division have been described in considerable detail in NATIONAL PETROLEUM 


The instruments and references are listed as follows: 
Mass Spectrometer 
1. “Mass Spectrometry” 35, 22, p. R-258 (June 2, 1943) 
“Use of the Mass Spectrometer in Routine Analyses of Refinery Gas Samples” 


3. “Applications of the Mass Spectrometer to Refining Process Control” 38, 10, 


Infrared Spectroscope 
1. “Infrared Spectroscopy New Analytical Tool for New Processes” 36, 18, p. 


2. Book Review, “Theory and Application of Infrared Spectroscopy” 37, 36, p. R- 


Miscellaneous Methods 
1. “Photoelectric Color Test Proposed for Lubricating and Refined Oils” 34, 43, 


. “Time Saving Computing Instruments for Spectroscopic Analysis” 36, 36, p. 


“Analyze Additive Lubricants in Minutes Instead of Hours With Spectro- 
graphic Methods” 38, 27, p. R-519 (July 3, 1946) 
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Physical Analysis of Hydrocarbons 





catalyst supports. Examination of cata- 
lyst promoters prepared by different 
methods has led to improved catalyst 
performance by indicating preferred 
methods of preparation of catalysts. 


Many of the electron microscopes, 
most of which are the RCA Type B, 
have been provided with a_ special 
adapter to permit the study of materials 
by the electron diffraction method as 
well. Electron diffraction patterns are 
produced and interpreted in an analo- 
gous manner to those of X-ray radiations 
and, in general, yield the same kind of 
information. 


General Physico-chemical Work . 


In addition to the above, the River- 
side laboratory includes the following 
equipment for studies on catalysts and 
oils: an Andrews’ apparatus for studying 
the P-V-T relations of hydrocarbons and 
their critical properties, a surface area 
unit for determining the surface prop- 
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erties and pore size distributions of 


catalysts, several optical microscopes, 
muffle furnaces for calcining catalysts 
at temperatures up to 2500° F. in vari- 
ous atmospheres, and supplies for pre- 
paring catalysts. 

As typical of the work done on cata- 
lysts in this laboratory may be cited the 
development of a metallic aluminum 
catalyst for the catalytic dehydrofluori- 
nation of alkyl fluorides. Such a catalyst 
was desired, for in the hydrogen fluoride 
alkylation process a small amount of 
hydrogen fluoride remains in the fin- 
ished alkylate in the form of alkyl flu 
orides. In the prosecution of this proj- 
ect, a small laboratory test unit was con- 
structed in which alkylate containing 
combined hydrogen fluoride could be 
passed over solid contact materials, to 
determine their efficiency in splitting 
off the combined HF. 


The catalyst finally developed con- 
sisted of l-ir. reschig rings made from 
metallic aluminum strips. The rings 
were made active for dehydrofluorinat- 
ing alkyl fluorides by etching them in a 
solution of hydrochloric acid, washing 
and drying. These rings have been used 
in large quantities in several alkylation 
plants and have resulted in the recovery 
of hydrogen fluoride valued at many 
thousands of dollars. 


New Building 


The new home of the Physics Divi- 
sion of UOP is gable-roofed, 105 ft. 
long by 32 ft. wide, and 13 ft. to the 
eaves. Service lines—water, steam, air, 
vacuum, and 110 and 220 volt electric 
power—are brought into the building in 
a trench, led to the attic through a wall, 
and thence distributed to the various 
rooms by carrying the lines down through 
the partition walls between the studs. 





Individual power panels are provided 
for each room where necessary. A com- 
plete air-conditioning unit, installed in 
the attic, is supported on pipe columns 
independent of the building frame, elim- 
inating the vibration which would be so 


X-RAY 
DIFFRACTION 
10-6" x 12-6" 


EMISSION 
SPECTROGRAPH 
16 X12°-6 























— oe if q 


























1 —===—=y NF RAMS © 
OFFICE OFFICE I OFFICE SPECTROSCOPY 
; 13-6 x 12-6 8 x12°6 J @x12-6 16x12'-6 

4 DARKROOM 20 xI2-6" y 


- * = Pp - =| 4 
I \ v YY 


RAMAN AND 
ULTRAVIOLET 
SPECTROSCOPY 

14-6 x12-6 

















Cne hundred times more powerful than 
the best optical microscope is this elec- 
tron microscope, making possible a 
study of the growth of catalyst crystals 


disastrous to the accuracy of the sensitive 
instruments. 

Manager of UOP’s Riverside labora- 
tories is C. G. Gerhold. Director of the 
Physics Division is Dr. G. M. Webb. 
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Floor plan of the new building housing the Physics Division of Riverside Laboratories of Universal Oil Products 
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INSTRUMENTING the FRACTIONATOR 
For a Catalytic Cracking Unit 


Operation of a fractionating tower for a Fluid Catalytic cracking unit 


is described; also the problems peculiar to the instrumentation of such a 


tower, notably high operating temperatures and carryover of solid catalyst 


particles. 


overhead product is maintained within relatively close limits. 


With the type of instrumentation installed composition of the 


The amount 


of reflux returned to the tower is held to the minimum for operating econ- 


omy. It is necessary to use an oil purge for some of the instruments because 


of entrained solids in the slurry. 


T= fractionator in a Fluid Catalytic 
Cracking unit functions primarily to 
separate—into two or more cuts—the hy- 
drocarbon vapors resulting from the 
cracking operation in the reactor. For 
example, the fractionator for a unit 
cracking crude oil will be designed to 
yield (1) a light overhead product, which 
is sent to a vapor recovery unit, (2) 
naphtha, (3) light gas oil, (4) heavy 
gas oil, and (5) a heavy bottoms product. 

These towers are usually designed with 
more flexibility than the average fraction- 
ating tower, however, as from time to 
time the stock charged to the cracking 
unit may be charged. If this is done, the 
requirements of the fractionator wilt be 
changed. The value of complete tower 
instrumentation to determine the best 
balance across various sections of the 
tower when such major changes are made 
cannot be overemphasized. 

The purpese of this article is to de- 
scribe a typical installation of such com- 
plete instrumentatioy, as illustrated in 
Fig. 1. Each of the various instrumented 
ureas will be discussed separately, and 
the method of operation outlined. It 
should be borre in mind, of course, that, 
although this installation is typical of 
Fluid unit fractionators, individual prob- 
lems may require specific installation 
attention and instrumentation, 

There are two outstanding factors in 
the operation of a fractionaing tower 
used in a Fluid catalytic cracking process, 
namely: (1) operation at a relatively 
high temperature, and (2) entrainment 
of solid catalyst particles into the tower. 
which forms a slurry with the tower 
bottoms. Aside from these factors, cpera- 
tion of the tower is quite similar to frac- 
tionatirg towers in other petroleum proc- 
esses. 

The average tower contains from 15 
to 25 plates, is from 8 to 12 ft. in diame- 
ter and from 50 to 70 ft. high. Large 
volumes of reflux are required to con- 
tinuously maintain the lower plates free 
of entrained catalyst particles. 
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Because cf catalyst carryover into the 
fractionator, many of the instruments 
used must be purged. For this reason, 
Venturi tubes may be used irstead of 
orifice plates in slurry lines, although 
segmental type orifice plates have also 
been used successfully. 


General Operation of Fractionator 


The overhead product from the reactor, 
comprising light hydrccarbon vapors plus 
a small amount of catalyst carryover, en- 
ters the fractionator in a vapor space lo- 
cated above the maximum bottoms level 
and below the first plate, Since the vapor 
space is at a temperature of about 550° F. 
and the entering vapcr is at a much 
higher temperature, about 950° F., the 
hotter vapor immediately rises, passing 
thrcugh the plates toward the top of 
the tower. 

Catalyst entraired in the vapor is 
knocked out by the lower plates and 
falls to the bottom cf the tower, where 
it becomes part of the slurry. Clogging 
of the lower plates is prevented by the 
large quantities of liquid passing down 
through the plates, resulting from high 
reflux ratios. 


The temperature of the tower be- 
ccmes progressively lower as the top is 
approached, where a temperature of about 
225° F. is maintained. Thus, the vapor 
is separated into somponents of differing 
boiling ranges as it travels through the 
tower, the heavier, higher boiling cuts, 
such as heavy gas oil, separatirg about 
midway in the tower. 

This heavy gas cil cut is drawn off 
at about 495° F., and is piped into 
a stripper. In the stripper, by means of 
the addition cf steam, the light ends 
are stripped out, taken off as overhead, 
and returned to the tower at a point 
several plates above the drawoff. The 
bottoms from the stripper, representing 
the heavy components in the gas oil cut, 
are cooled and sent to storage. 

A lighter, lower boiling cut, such as 
light gas oil, is taken off in the upper 


section of the tower, being withdrawn 
at a temperature of about 385° F. This 
cut is also passed through a stripper. 
in the same manner as the heavy gas 
oil cut. The light ends are taken over- 
head and returned to the tower, while 
the bottoms are cooled and drawn off 
to storage as light gas oil. 


The most volatile vapors, representing 
those which cordense at temperatures 
considerably below 225° F_ (top tower 
temperature ), pass from the tower as 
overhead to a condenser. Condensate 
from this latter unit passes to an accumu- 
lator. Most of the condensate collecting 
in the accumulator is returned as reflux 
to the tower at a point near the top. 
Condensation in the condenser is not com- 
plete, however, and corsiderable quanti- 
ties of vapor collect in the accumulator 
and are passed to a vapor recovery unit. 


In addition to reflux from the heavy 
and light gas oil strippers, an_ inter- 
mediate cut is withdrawn from a plate 
between the midsection and top of the 
tower. This cut is cooled and returned 
to the tower as intermediate reflux at 
a point several plates above that from 
which it is withdrawn. 

Reflux is extremely important in the 
operation of the fractionator and largely 
determines the character of the separation 
obtained. Reflux functions in two ways, 
namely: (1) to strip the vapors of their 
heavier, higher boiling components and 
carry them downstream in the tower for 
refractionation, and (2) to yield the 
lighter, lower boiling components, pres- 
ent in the reflux, to the ascending vapors. 
Thus, the vapors rising from a_ plate 
en which reflux is introduced are stripped 
of their heavy components and enriched 
in lighter components. 

The heaviest comporents collect in 
the bottom secticn of the tower, together 
with the catalyst carryover, and form a 
s‘urry. This slurry is removed ccontinuous- 
ly, part of it being returned to the re- 
actor section of the unit and the balance 
being recycled back through the tower. 
The stream returning to the reactor is 
regulated so that it removes from the 
tower an amount of catalyst rough) 
equal to the amount of catalyst being 
carried over with the incoming vapor 
stream, thus preventing a catalyst build- 
up in the tower. The recycle portion of 
the bottoms slurry stream is run through 
a waste heat boiler, in which it is cooled. 
and returned to the bottom of the tower. 
Cooling is necessary because of the 
relatively high temperature of the in- 
coming vapors. This is contrary to most 
fractionating operations, in that rormally 
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a part of the bottoms is heated in a re- 
boiler and returned to the tower. 


Temperature Control at Top of Tower 


Top tower temperature is a reliable 
indication of the composition or boiling 
range of the vapors withdrawn from the 
tower as overhead, Regulation of this 
temperature is accomplished by control- 
ling the amount of reflux returned to the 
top of the tower from the accumulator. 
The amount of intermediate reflux re- 
turned in the upper section of the tower 
also affects this temperature, and _ is 
separately controlled. 

Measurement of the top tower tem- 
perature is made by an I. C. couple and 
is recorded on temperature recorder-con- 
troller-14 (TRC-14)* Because of the 
critical nature of this variable, the flow 
of reflux is not regulated by TRC-14, 
but a system of metered control is em- 
ployed. 

In this system, the flow of reflux is 
measured by flow indicating transmitter- 
21 (FIT-21) and the readirg is trans- 
mitted penumatically to and recorded 
on flow recorder-controller-21 (FRC-21). 
This latter instrument continuously re- 
pesitions diaphragm control valve-6 
(V-6) to maintain a constant flow of 
reflux. Thus, the factors which might 
cause variation in the reflux flow are 
ironed out. With a conventional control 


* See key on Chart below 
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system, the effects of these factcrs would 
not be corrected for until detected by 
the thermocouple as a _ temperature 
change. 

The control point of FRC-21 is con- 
tinuously reset by TRC-14. If the tem- 
perature rises, the control index of FRC-21 
is autcmatically raised; if the tempera- 
ture falls, the control index is automatical- 
ly lowered. This is accomplished by 
means of a positioning unit in FRC-21 
which is connected to and autcmatically 
changes the control index. Actuation of 
the positioning unit is by means of the 
output air pressure of TRC-14. 

With this° type of instrumentation the 
composition or boiling range of the 
overhead product is held within relative- 
ly close limits. In addition, operating 
ecoromy is assured by maintaining the 
zmount of reflux returned to the tower 
to the minimum required for proper 
fractionation, Control system dead time 
is also reduced to a minimum by employ- 
ing a system of metered control, which 
irons out variables affecting flow ct 
reflux. 


Liquid Level in Overhead Accumulator 


The level in the overhead product ac- 
cumulator drum is measured by differen- 
tial level indicating transmitter-9 ( DLIT- 
9). These readings are transmitted pneu- 
matically to .differential level recorder-9 
(DLR-9) where they are recorded. In- 
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sttument DLIT-9 is equipped with an 
adjustable mercury switch which ac. 
tuates a signal light circuit to indicate 
when there is an excessively high or low 
level in the accumulator tank. 

These high and low liquid level alarms 
warn the operator of unsatisfactory trends 
in the process, enablirg him to eliminate 
costly product re-runs due to process 
upsets by making quick manual adjust- 
ments. 

The flow of naphtha from the accumu- 
lator drum to storage or to the vapor 
recovery unit is measured by flow indi- 
cating transmitter-9 (FIT-9). These 
readings are transmitted pneumatically 
to flow recorder-9 (FR-9), where they 
are recorded, providing the cost account- 
ing department with accurate raphtha 
production records. 


Flow Control of Intermediate Reflux 


An intermediate cut is withdrawn from 
a plate between the midsection and 
top of the tower. This cut is cooled and 
returned to the tower as intermediate 
reflux at a point several plates above 
that from which it is withdrawn. ‘This 
reflux is very important to the operation 
of the fractionator, and largely determires 
the character of the separation obtained. 

To eliminate fluctuations in tower tem- 
perature caused by changes in the flow 
of intermediate reflux, the flow of this 
latter stream is measured by FIT-19 
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Fig. 1—Schematic flow diagram showing the nstrumentation for a typical Fluid fractionator 
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and pneumatically transmitted to FRC-19, 
which controls the flow through valve 
V-5. The proper control point for FRC-19 
is determined when the tower is put on 
stream and need only be changed when 
there are variations in the vapor feed 
to the tower, or when the specifications 
of the side streams or overhead are 
changed. 

Such a constant flow of reflux insures 
desired fractionation in the upper sec- 
tion of the tower, and aids in gaining 
the maximum yield from the tower by 
maintaining optimum intermediate tower 
temperatures. 


Flow Control of Light Gas Oil 


The light gas oil cut is stripped of its 
highly volatile components by introduc- 
ing steam into the stripper. These light 
ends are returned to the main tower, 
while the light gas oil cut is cooled and 
sent to storage. 

The quantily of the light gas oil cut 
taken from the fractionator is measured 
by FIT-8. This reading is transmitted 
to FRC-8, which controls the flow through 
valve V-7. The level of light gas oil is 
measured by DLIT-8. This reading is 
transmitted to differential level recorder- 
controller-8 (DLRC-8), which controls 
the level by manipulating valve V-15. 
This valve governs how much light gas 
is sent to storage. 

In this manner a constant “draw-off” 
of light gas ofl product is assured, flood- 
ing of the light gas oil stripper is pre- 
vented, ard accurate production records 
are provided for accounting purposes. 


Level Control of Bottoms, Flow Record 
of Heavy Gas Oil 


Catalyst particles entrained in the 
vapors entering the fractionator drop 
to the bottom of the tower and form a 
slurry. As explained previously, this slurry 
is withdrawn continuously, part being 
returred to the reactor and the rest being 
cooled and recycled to the tower. 

The “bottoms” level is measured by 
DLIT-7. These readings are pneumati- 
cally transmitted to and recorded on 
DLRC-7. The latter instrument controls 
the amount of heavy gas oil withdrawn 
from the tower by throttling valve V-2, 
so that as the bottoms level rises the 
valve is opened and more heavy gas oil 
removed. Conversely, if the level falls the 
valve is throttled back and more heavy 
gas oil drops to the bottom of the tower. 

Flow of heavy gas oil from the tower 
to the stripper is measured by FIT-7. 
These readings are pneumatically trars- 
mitted to and recorded on FR-7. Because 
of entrained solids in the bottom of the 
fractionator, it is necessary to employ 
an oil purge for DLIT-7. 

This method of controlling the bot- 
toms level reduces temperature fluctua- 
tions in the lower tower zones by main- 
taining desired bottoms level, and pre- 
vents flooding of the lower plates. 

The flow record of heavy gas oil guides 
the operator in manually ratioing the 
heavy gas oil reflux returning to the 
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Key to Abbreviations 
For Instruments 


In the text, the name of the 
particular instrument referred to 
is written out only when it first 
occurs. Later references are ab- 
breviations. The same abbrevia- 


tions are used in Fig. 1. Key to 
the abbreviations: 

VP —Valve Positioner 

Vv —Diaphragm Control Valve 


FAS —Filtered Air Supply 


ROPS —Regulated Oil Purge 
Supply 

FR —Flow Recorder 

FRC —Flow Recorder Control- 
ler 

FIT —Flow Indicating Trans- 
mitter 

TRC —Temperature Recorder 
Controller 

DLR —Differential Level Re- 
corder 

DLRC —Differential Level Re- 


corder Controller 
DLIT —Differential Level Indi- 

cating Transmitter 
TI =—Temperature Indicator 











tower with that withdrawn as product 
and provides production records, 


Temperature Control of Recycle Slurry 


Because of the relatively high tempera- 
ture of the vapor stream introduced into 
the fractionator it is necessary to remove 
heat (due to cordensation) from the 
bottom of the tower. This is accomplished 
by circulating part of the slurry from 
the bottom of the tower through a slurry 
cooler, which usually is a waste heat 
boiler. The cooled slurry is returned to 
the fractionator at a point below the 
bottoms level. Steam generated in the 
cooler is utilized at other points in the 
cracking unit or refinery. The removal 
of heat from the base of the tower in 
this case is contrasted with normal frac- 
tionating practice in which heat is usual- 
ly added by means of a reboiler. 

Temperature of slurry return is de- 
tected by a thermocouple located in the 
fractionator and controlled by TRC-17. 
Because of the critical nature of this 
variable, the flow of return slurry is not 
controlled directly by TRC-17, but a 
system of metered control, in which the 
flow of slurry is continuously regulated 
by FRC-17, is used. 

This flow is measured by FIT-17 and 
pneumatically transmitted to FRC-17, 
which positions valve V-3. The control 
point of FRC-17 is continuously reset 
by TRC-17 in accordance with tempera- 
ture changes in the fractionator. With 
this system, variations in the flow of 
slurry return, which normally would 
not be corrected for until detected by 
the thermocouple as a_ temperature 
change, are ironed out by FRC-17. 

The flow of steam from the slurry 


cooler is measured by FIT-20 and this 
reading is pneumatically transmitted to 
FR-20 where it is recorded. 

As with the irstrumentation fcr the 
level control cf tower bottoms, it is 
necessary to use an oil purge for FIT-17 
because of the entrained solids in the 
slurry. 


Multiple Temperature Indication 

A total of 30 fractionator tempera- 
tures are indicated by temperature indi- 
cator-7 (TI-7). These temperatures are 
especially important when putting the 
unit on stream and determining the most 
critical locations for controlling thermo- 
couples. Some points are used to check 
upon the operation of temperature re- 
corders and controllers. Other points are 
of relatively minor importance, such as 
cooling water outlets, etc., which merely 
require periodic checking. 

The temperatures existing at the nu- 
merous points in the fractionating sys- 
tem for a fluid catalytic cracking unit 
will vary, of course, with each unit. Some 
of the points indicated are listed in Table 
1. These temperatures apply to normal 
operation where gas oil is being cracked 
with naphtha; light and heavy gas oil 
as side streams. 





TABLE 1—Typical Tower Temperatures 
in a Fluid Fractionator 


Approx. 
Thermocouple Location Oper. Temp. 
Charge inlet to tower .......... 950° F. 
Vapor space in bottom of fraction- 

Te eae ae oe Pe Peps PMc 500° F. 
Slurry outlet of fractionator ...... 550° F. 
Slurry outlet from cooler ...... 450° F. 
Water inlet to steam generating section 

of cooler aaa areata seo ate ae $10° F. 
Steam outlet of slurry cooler .... 450° F. 
Heavy gas oil outlet to stripper .. 495° F. 
Overhead outlet from heavy 

a 0 Be ee 490° F. 


Heavy gas oil bottoms outlet ...... 470° F. 


Light gas oil outlet to stripper .. 390° F. 
Overhead outlet from light gas 

oil stripper ...... EOE 
Return inlet of intermediate reflux .. 300° F. 


Overheai vapor outlet from fraction- 


err ere 225° F. 
Overhead vapor inlet to condenser .. 225° F. 
Naphtha outlet to storage ...... 140° F. 
Reflux inlet at top of tower ...... 125° F. 


(4) Condenser cooling water outlets 130° F. 
(4) Fractionator trays ....275° to 400° F. 





The simple operation of depressing 
one of the connected push buttons main- 
tains the connection to that specific ther- 
mocouple until ancther push button is 
depressed. Depressing any push button 
breaks the previous contact. The safety 
burnout feature furnishes definite proof 
of damage to thermocouples by produc- 
ing a continuous increase in the reading 
until reaching the upper limit of the 
scale. 

In addition to the 30 temperatures in- 
dicated by TI-7, other temperatures are 
recorded in chart form by TR-9 and TR- 
10. 
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Patent Trends in Petroleum Refining 


By Peter J. Gaylor 


Patent Attorney and Editor “The Technical Survey” 








Recent developments disclosed in patents reviewed below include: 


An improved surge tank system for treating sour gasolines, which ex- 


cludes air from the system. 


A new two-stage treatment of feed stock with a decolorizing adsorbent, 


to produce mineral white oils. 


The addition to Diesel fuels of small amounts of naphthenic acids to 


impart lubricating qualities to the oil. 


A method of selective cracking to convert heavy bright stocks into 


light neutrals. 


Surge Tank System 


In many processes, such as those for 
treating sour gasoline, the absorption of 
small amounts of air or oxygen is dele- 
terious or undesirable. Surge tanks are 
usually employed in such systems to 
eliminate fluctuations in flow rates, re- 
gardless of variations of input flow into 
ihe reservoir. Air absorption in such surge 
systems often results in undesirable side 
reactions, excessive foaming, sludging, 
and so on, 


In its U. S. 2,403,563, Shell Develop- 
ment Co. describes an improved surge 
tank system wherein the fluctuation in 
the content of the surge tank, due to 
inconstant rate of liquid input, is com- 
pensated by interflow of water between 
the surge tank and an auxiliary tank, 
in accordance with the flow rate varia- 
tions to the surge tank. Air is excluded 
from the surge tank by maintaining a 
vapor blanket over the liquid level in 
the auxiliary tank. 


In the solutizer process, it has been 
found that troublesome emulsifiers are 
produced through oxidation of some of 
the components contained in the oil to 
be treated. This has been particularly 
noticeable in the surge tank system. Such 
oxidation and resulting emulsification is 
said to be avoided by the use of the sys- 
tem shown in Fig. 1. 


Sour gasoline, free from absorbed air 
or oxygen, is passed from pipe 15 into 
surge tank 1 and then into extractor 
3 where it is countercurrently treated 
with fresh solutizer solution entering 
near the top. Spent solutizer passes out 
of the extractor through the bottom, to 
be regenerated. 


Treated gasoline and small amounts of 
entrained solutizer pass out of the top 
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of extractor 3 and into washer 5 counter 
current to washwater entering pipe 7. 
The washer and spent solutizer removed 
from the gasoline are withdrawn at the 
bottem of the washer and join the spent 
solutizer from the extractor for regenera- 
tion, 


A water level is maintained in surge 
tank 1 and auxiliary tank 13, pipe 12 
permitting passage of water in both di- 
rections. A blanket of fuel gas is main- 
tained above the water level in the auxil- 


Sour Hydrocarbon 
Liquids 





iary tank 13. In normal operation, if the 
rate of flow of sour gasoline into the 
surge tank 1 should momentarily exceed 
the rate of withdrawal from the surge 
tank 1, water is displaced and forced 
through pipe 12 to tank 13, which in turn 
forces fuel gas from the top of tank 18 
to a gas reservoir, such as a gas holder 
(not shown). 


Conversely, when the rate of with- 
drawal from the surge tank is less than 
the rate of input, the water level in the 
surge tank will rise, water flowing by 
gravity from the auxiliary tank and an 
equivalent amount of fuel gas will pass 
into the auxiliary tank to replace the 
water leaving it. 


A purging pipe 18 and valve 19 are 
provided in the auxiliary tank to avoid 
entrainment of an air pocket during 
starting. In putting the unit into opera- 
tion, the system is first charged with 
fuel gas admitted to the auxiliary tank 
through pipe 14. Then water is admitted 
to the auxiliary tank and to the surge 
tanks, valve 19 being opened for enough 
time to insure escape of entrained air in 
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Fig. 1—Improved surge tank system for treating sour gasoline 
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the auxiliary tank. When a suitable liquid 
level has been attained in the surge tank, 
flow of sour gasoline into the surge tank 
is started, resulting in back pressure 
within it, preventing further flow of 
water into it from the auxiliary tank 
and permittirg the desired liquid level to 
be reached in that tank, whereupon valve 
21 is closed. The system then will op- 
erate automatically to take care of fluc- 
tuation in feed rate to the surge tank. 
Water may he withdrawn from the surge 
tank system, when desired. 


This type of system may be of ad- 
vantage in the handling of butadiene, 
hexadiene, extractive distillation liquids, 
etc. 


Treatment for White Oils 


It has been common practice in the 
production of highly refined oils, such 
as white oils, turbine oils, light colored 
lubricating oils, etc., to subject the feed 
stock to treatment with fuming sulfuric 
acid, the acid being applied in a series 
of dumps, with removal of sludge be- 
tween each dump. The treated oil was 
then neutralized with caustic soda and 
the neutralized oil extracted with dilute 
alcohol to remove alkali sulfonates. 


After extraction, the oil was water 
washed, dried by air blowing, and fil- 
tered through a decolorizing adsorbent, 
such as fuller’s earth or bauxite at ordi- 
nary or elevated temperature. The whit 
oil so produced generally amounted to 
25-30 bbl./ton of earth and had a car- 
bonizable value of 40-100, and a peroxide 
value (Eli Lilly) of 3-5. The yields were 
not particularly satisfactory and stability 
against peroxide formation was poor. 

Atlantic Refining Co., in U. S. 2,402.- 
804. has found that mineral white oils 
having a carbonizable value below 20. 
und peroxide value of the order of 1-2 
may be produced by a 2-stage treatment 
of the acid refined oil with a decolorizing 
adsorbent, each stage being carried out ai 
a different temperature. 


When using finely divided adsorbents 
such as fuller’s earth fines or “Magnesol” 
of less than 100 mesh, the first stage olf 
the absorption treatment is carried out at 
230°-260° F., while the second stage is 
preferably at 200°-210° F. 


Diesel Fuel Additive 


Due to the fact that Diesel fuels are 
being more highly refined for highe: 
cetane value and odor reduction, Union 
Oil Co. of California, in U. S. 2,397,771, 
contends that such fuels have been los- 
ing their lubricating properties, which 
are essential in reducing wear of injec- 
tion equipment. It has therefore pro- 
posed the addition, to the refined oil, of 
a small amount of naphthenic acids, pre- 
ferably those removed from the fue] by 
treating operations. Only 0.01-0.5% of 
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such high molecular weight acids is re- 
quired to give the desired lubricity. 

Caustic treatment of Diesel fuel stock 
usually results in the production of 
naphthenate soaps. These are treated 
with strong acid and vacuum distilled, 
the volatile acids usually having an acid 
number of 235, and average molecular 
weight of about 240. The remaining 
bottoms are the preferred additive mate- 
rial, and they have the following prop- 
erties: 


Viscosity Say./210° F. 157 sec. 


Color Dark 
Conradson Carbon value 1.88 
Boiling range, initial 541° F. 
5% 632 
10% 643 
20% 656 
Flash point (C.O.C. ) 400° F. 
Fire point 470° F. 
Sp. gravity 0.9855 


Acid number, mg. 
KOH/gm. 140 


The addition of such material, in the 
concentration mentioned, has been found 
effective in maintaining long injector life, 
equivalent to over 100,000 miles of ve- 
hicle travel. 


Cracking Heavy Lubricating Oils 


The proportion of bright stock to 
neutral in Pennsylvania crude is about 
60:40, whereas, roughly, the average au- 
tomotive requirements today could be 
met by a blend of just the reverse pro- 
porticn’’), Besides, bright stocks have 
been quoted at about one-half the price 
of 200 viscosity neutral oils, so that the 
Appalachian refiners have been interest- 
ed in converting the heavy bright stocks 
into the light neutrals. 


Some processes have been developed 
in the past(?) for accomplishing this by 
selective cracking. The Wagner process(‘*) 
is claimed to have been used commer- 
cially for this purpose. Indications have 
been obtained to the effect that light 
cracking of residuals also tends to raise 
the V.I. of the residue, due to selective 
cracking of low V.I. components. 

A recent Pure Oil Co. patent (U. S. 
2,397,662) discloses a selective cracking 
method for converting bright stocks into 
neutral oils which possess excellent pour 
stability upon the addition of a pour in- 
hibitor such as Paraflow. The cracking 
distillation is carried out at about 700° 
F., wherein there is injected, during the 
distillation, an amount of live steam 
equivalent roughly to the amount of oil 
vapors to be taken overhead from the 
still. If properly conducted, such de- 
structive distillation can be made to yield 
a distillate in excess of 90% yield. The 
distillation is preferably conducted at 
such a rate and at such temperature that 
the viscosity of the overhead stream is 
maintained at about 100 Saybolt at 100 
F. A small amount of kerosene may be 
added as a carrier to aid the distillation. 

The overhead oil has been found to 


have a high pour point due to presence 
of crystalline or semi-crystalline wax 
which interferes with filtration of the 
stock. It has been found, however, that 
if a small amount of petrolatum (5-20%) 
is added (in naphtha solution) to the 
overhead stock, then the latter can be 
subjected to centrifugal dewaxing in the 
conventional manner. When Paraflow 
is added to the dewaxed oil, a blend hav- 
ing a stable pour point is obtained. 

In one example, an oil having the fol- 
lowing inspection: 


API gravity . 25.0 
te oc aodce . See, 
Say. Vis./210° F. ... 
Flash ..... . eS F. 
Fire ee . 600° F. 


was subjected to light cracking in pres- 
ence of injected superheated steam and 
kerosene and the 91.2% yield of cracked 
overhead was blended with 15% petrola- 
tum and centrifuged. 


A blend of the centrifuged oil with 
10% bright stock and 13% uncracked 
neutrals was blended with 1% Para- 
flow and the resulting product was tested 
for pour point and pour stability, with 
the following results being obtained: 


ASTM Pour Point ....... —20° F. 
Pour Stability: , 
Slow cycle Fluid at —15° F. 
ind Solid at —20° F. 
Rapid cycle Fluid at —10° F. 

Incidentally, it has been disclosed in 
the art that small additions of bright 
stocks will increase pour point stability 
of oils. 


References 
(1) Wagner, Oil and Gas Jour., 12/19/40, 
p. 14 
(2) U.S. 1,990,664 (Nelson et al) Norman, Oil 
and Gas Jour., 12/12/40, p. 18. 
(3) U.S. 2,155,745 (Wagner et al) 


Selected Patents of the Month 


U.S. 2,403,439 (Universal Oil Prods.)—Iso- 
merizing monoolefins. 

U.S. 2,403,928 (Sinclair Rfg.)—Lube oil con- 
taining semi lactide rust preventive. 

U.S. 2,403,963 (Phillips Petr. Co.)—Reacting 
benzene with butadiene to give phenylbu- 
tenes (alkenylation). 


US. 2,404,024 (Standard Oil Co. (Ind.)— 
Reforming catalyst. 

U.S. 2,404,055 (Socony-Vacuum) Aluminum 
halide catalyst. 

U.S. 2,404,056 (Socony-Vacuum) Isoprene 


from propylene dimer. 

U.S. 2,404,094 (Stand. Oil Dev. Co.) 
Methanol motor fuel. 

U.S. 2,404,253 (Phillips Petr. Corp.) 
tive distillation with fu’ fural. 

U.S. 2,404,438 (Shell Oil Co.)—-Olefin oxides 

U.S. 2,404,537 (Univ. Oil Prods.)—Synthe- 
sizing hydrocarbons from isoparaffins and 
alkyl chloroformates. 

U.S. 2,404,661 (Texas Co.) 
trimethyl butane. 

U.S. 2,403,451 (Southern Acid & Sulfur)—Ex- 
traction of sulfur from gases. 

U.S. 2,403,474 & 894 (Stand. Oil of Ohio) 
Lube oil additives. 

U.S. 2,403,501 (Texas Co.)—Alkylation. 

U.S. 2,403,563 (Shell Oil)—Surge tank system 
U.S. 2,403,650 (Phillips Ter. Corp.)—Isomeriz- 
ing olefins. 
U.S. 2,403,709 
peroxides. 


Extrac- 


Making 2,2,5 


(Shell Dev. Corp.)—Organic 
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Harshaw has available 


A WIDE VARIETY OF CATALYSTS 


@ Recent developments in the field of organic chemistry 


have resulted in many new processes which have made 


pe: a Ala AM ree 2s edhe 


necessary a wide variety of catalysts. Harshaw pioneered 
in the development of preformed catalysts. Not only do 
3 we have wide experience in the development and use of 


tabletted and extruded catalysts, but in addition, we 








have a large capacity for producing them. If you have a 


PREFORMED 
CATALYSTS 


are manufactured by 


| DIAMOND-HARSHAW CO. THE HARSHAW CHEMICAL co. 


1945 East 97th Street, Cleveland 6, Ohio 


- | BRANCHES IN PRINCIPAL CITIES 


EXCLUSIVE SALES AGENTS FOR DIAMOND-HARSHAW CO. 
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catalyst problem, a discussion with us may be helpful. 

















Production of Synthetic Lubrication Oil 
By Condensation and Polymerization 


Winkler‘**) dehydrogenates gaseous cr 
vaporous paraffin hydrocarbons from any 
source in an apparatus which contains 
metallic silicon and removes condensable 
liquids, hydrogen, and methane. The resi- 
dual gases are subjected to a second 
thermal treatment in a silicon apparatus 
to produce a liquid product which is 
treated with aluminum chloride, washed, 
and separated into naphtha and lubricat- 
ing oil. The silicon in the reaction acts as 
a catalyst. 

To produce lubricating oil, Pungs‘**) 
uses products obtained by cracking parat- 
finic hydrocarbons, in particular hydro- 
carbon mixtures comprising paraffin wax, 
such as petroleum or hard or soft paraftin 
wax, which results in highly unsaturated 
liquid products having an iodine value 
above 150 and preferably 200, and con- 
densing them in the presence of catalysts 
such as aluminum chloride, ferric chloride, 
zine chloride, and boron fluoride. 


Temperature Important 


The cracking temperature depends on 
the nature of the initial material and on 
the catalyst and apparatus used. Where 
cracking temperature is below 600° C., 
the process is carried out in the presence 
of a dehydrogenating catalyst such as 
turnings of copper, V2A-Steel, and masses 
obtained by sintering a mixture of pow- 
dered copper, iron, and nickel. 


The cracking products are condensed 
with aluminum chloride at temperatures 
not in excess of 150° C. to produce about 
90% lubricating oil, about two-thirds of 
which is hot steam cylinder oil having a 
flash-point of above 325° C. and a vis- 
cosity of 6° Engler at 100° C. 


The addition of naphthalene, anthra- 
cene, cyclohexene, or terpenes before con- 
censation and polymerization produces 
lubricants which by virtue of their flat 
temperature-viscosity curve are suitable 
for lubricating automobile moters. 


Atkinson et al(*) thermally polymer- 
ized ethylene at elevated temperatures of 
371-393° C. and pressures of 70.6-68.5 
kg. per sq. cm. The thermally polymer- 
ized ethylene was then treated with alumi- 
num chloride to produce synthetic lubri- 
cating oil of increased visccsity index. The 
bound oil in the aluminum chloride was 
liberated and subjected to hydrogenation 
to produce additional lubricating oil. 

Sullivan(%7) obtained unsaturated hy- 
drocarbons from high boiling normal 
paraffin hydrocarbon material, such as 
naraftin wax, petrolatum, slop-wax, ozoke- 
rite wax, etc., by cracking these products 
at 75 to 1100° F. and at a pressure below 
100 pounds to obtain the type of un- 


58 


By GEORGE G. PRITZKER 


Shell Development Co., San Francisco 





Part Two 


This month Mr. Pritzker con- 
tinues his review and discussion 
of the development work which 
has been done, particularly in 
this country in recent years, on 
methods for synthesizing lubri- 
cants from simpler hydrocar- 
bons by condensation and poly- 
merization reactions. 

The first half of this article 
appeared in the Aug. 7, ‘46, 
issue of the Technical Section 
of National Petroleum News, 
pg. R-606. It covered early work 
on the subject, up to approxi- 
mately 1933. This second half 
picks up at that point and re- 
views some of the more recent 
developments. 











saturate hydrocarbons suitable for treat- 
ment with aluminum chloride. The 
amount of anhydrous aluminum chloride 
used is usually 0.5-4% at a temperature 
of 100-250° F. in order to polymerize 
the unsaturate. The tar or aluminum 
chloride sludge is separated from the oil, 
and the oil is washed with alkaline solu- 
tion, if neutralization is necessary, and 
then reduced by steam to remove light 
oils and naphthas, leaving a lubricating 
residue which may be separated by dis- 
tillation to yield lubricating oils of de- 
sired viscosity. 
Example Shown 

An illustrative example is vaporizing or 
vapor heating slack wax or sweet oil at 
atmospheric pressure to 900-980° F. to 
bring about cracking. The cracked vapors 
are separated from tar and condensed. 
To the distillate, 1-3% anhydrous alumi- 
num chloride is added at 210° F. for 18 
hrs. Tar and sludge resulting from the 
reaction are removed and the oil reduced 
bv steam. This process results in about 
10% light distillates, 80% oil of 90 vis- 
cosity at 210° F., and 10% tar. 

To produce lubricating oil, Egloff(*) 
polymerized with aluminum chloride 
vapors “flashed” from cracked residua. 
The aluminum chloride sludge was treat- 
ed with water or steam to produce addi- 
tional oil. 


Pier(*®) discloses that high quality lu- 


bricating oil can be produced by con- 
densing unsaturated hydrocarbons — in 
stages. The unsaturated hydrocarbons to 
be condensed were obtained by dehydro- 
genating hydrocarbors of high molecular 
weight rich in hydrogen, such as ben- 
zenes or middle oils, or petroleum resi- 
dues like petrolatum or these obtained 
from the destructive hydrogenation of 
coal, tars, mineral oil, or of synthetic pre- 
pared products made by reduction of ox- 


ides of carbon with or without pressure, ° 
etc, The resultant.cracked product should. , 
lave an iodine value above 300. 2 “», 


The dehydrogenated products arasthén 
condensed in successive stages of increas- 
ing temperatures, usually below 150° C., 
and in the presence of catalysts such as 
aluminum chloride, zinc chloride, boron 
fiuoride, ferric chloride, phosphorous oxy- 
chloride, or active aluminum, sodium, 
zinc dust, etc. The condensation can also 
be carried out in the presence of Florida 
earth, bleaching earth, or silica gel, zinc 
oxide, soda, ammonia, etc. During the 
reaction, naphthalene, mineral coal tar 
fractions, benzol, anthracene oil, etc., can 
be added. The condensation product in 
the first stages is treated under pressure 
with hydrogen to produce lubricating oil, 
or it can be re-polymerized with alumi- 
num chloride to produce lubricating oil. 


Aluminum Chloride As Catalyst 


High quality lubricating oil was pro- 
duced by Zorn(*®) by condensing two 
different liquid hydrocarbons in the pres- 
ence of a catalyst and, if desired, while 
supplying heat and adding gaseous ole- 
fins; one of the liquid hydrocarbons be- 
ing higher aliphatic olefirs containing 
more than five carbon atoms and the sec- 
ond being capable of undergoing conden- 
sation or polymerization reaction under 
the influence of aluminum chloride. 


The liquid olefins were obtained by 
cracking higher paraffinic hydrocarbons, 
such as solid paraffins or paraffin oils, at 
a temperature of 450-500° C. under ele- 
vated pressure. The other condensable 
hydrocarbons can be supplied by tars, 
mineral oils, or their liquid distillates, ex- 
traction or cracking products of a nature 
different from the liquid olefins, or the de- 
structive hydrogenation products of coal, 
tars, mineral oil, etc. saseous olefins, 
such as ethylene, propylene, butylene, 
can be introduced into the condensation 
reaction, which can be varied and car- 
ried out at atmospheric or elevated pres- 
sure, in the presence of such catalysts as 
aluminum chloride, ferric chloride, zinc 
chloride, stannic tetrachloride, boron flu- 
oride, anhydrous hydrofluoric acid, or 
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complex acids, such as zinc chloride-acetic 
acid and boric acid-oxalic acid. Also, 
bleaching earth consisting of aluminum 
hydrosilicate activated with aqueous hy- 
drochloric acid may be used. 

Snow'#!) discloses that the method cf 
producing synthetic lubricating oil dis- 
closed by Brownlee(42) and Sullivan(+?) 
can be improved if during the polymer- 
ization a halogen acid is introduced into 
the oil, preferably before the oil is 
brought into the presence of the catalyst. 
The acid should be in the anhydrous 
state, or inorganic halides (alkyl halides) 
such as alkyl chlorides or bromides may 
be used. With alkyl halides, such as 
CCl,, ethylene dichloride, methyl, or 
amyl chlorides, the formation of halogen 
acids is believed to take place. These 
halogen acids act as activators in the 
polymerization reaction, and increase the 
oil yield, 

Haeuber‘**) produced viscous lubri- 
cating oil from light olefins and mixtures 
thereof by employing the aluminum chlor- 
ide in the form of a double compound 
thereof with ethylene. The double com- 
pound was prepared by leading ethylene 
at elevated temperatures of 40-60° C. into 
i: saturated hydrocarbon in which alumi- 
num chloride was suspended. The ethy- 
lene-aluminum chloride double compound 
was used to condense the olefins at 150- 
160° C. in order to produce a viscous oil. 


Pour Point Considered 

To secure a lubricating oil having pour 
point properties, Osterstrom(+5) reacted 
in the presence of AICI, a mixture of a 
non-pressable residue believed to com- 
prise non-pressable isoparaffins obtained 
in the operation of redistilling a wax dis- 
tillate by cracking, and a fraction of a 
vapor phase cracked distillate containing 
i high degree of unsaturates and ranging 
in boiling point between 420-700° F. 

To obtain an oil preduct suitable for 
use as a lubricating oil, Otto(4®) poly- 
merized ethylene by the action of boron 
fluoride and, if desired, in the presence of 
metallic catalysts. The action is effected 
under considerable pressure and extends 
over a long period of time. 

Moser(47) prepared iubricating oils 
from the extract obtained in the treat- 
ment of hydrocarbons such as petroleum 
products and the cracked products se- 
cured therefrom, shale oil, oils obtained 
from the destructive hydrogenation of 
coal or carbonaceous materials, with liq- 
uid SO., or analogous solvents, and sub- 
jecting the extract to a polymerizing ac- 
tion. 

The extract is heated to 200-500° C. 
and can be heated under pressure or 
heated in the presence of a polymerizing 
catalyst, such as water-free metal halides, 
like zine chloride, aluminum chloride, 
ferric chloride, stannic chloride, chlor- 
ides of sulfur, phosphoric acid in various 

oncentrations, glacial acetic acid, KHSO,, 
boron fluoride, hydrochloric acid, active 
arbon, silica gel, kieselguhr, etc. 

Ayers(48) produced synthetic lubricat- 
ng oil by mixing a viscous and high boil- 


PETROLEUM Processinc, September, 1946 


ing oil stock and a lighter stock and react- 
ing in the presence of aluminum chloride 
and hydrochloric acid. The dry HCl 
used appears to have a transitory function, 
and the entire chlorine content of the gas 
appears in the end product as hydrogen 
chloride. In some instances, gaseous 
chlorine can be substituted for HCl. The 
reaction temperature for the process varies 
from below room to above 212° F., but 
should not exceed 300° F. because at this 
temperature the aluminum chloride tends 
to break down the hydrocarbons to form 
light hydrocarbons, instead of building 
up the viscosity of the oil. 


Distillates From Wax-free Oils Used 


To produce synthetic lubricating oil, 
van Peski(*®) uses cracked distillates de- 
rived from the wax-free oils or from the 
oils containing less than 30% wax, and 
polymerizes the product under suitable 
conditions of temperature and pressure in 
the presence of catalysts. The product 
is refined by distillation to remove frac- 
tions boiling in the aromatic range (ben- 
zene, xylene group), and is subjected to 
solvent extraction with liquid SO, or fur- 
furol. The refined material containing 
unsaturated compounds is polymerized 
with aluminum chloride, either alone or 
in the presence of a dilutent, such as ni- 
trobenzene. 

MacLaren(**) condensed chlorinated 
paraffin in the presence of a polynuclear 
aromatic compound, such as diphenyl, 
ditolyl, ortha and para diphenyl benzene, 
di and triphenyl methane, dibenzyl pheny] 
tolyl, naphthalene, anthracene, phenan- 
threne, etc., with aluminum chloride to 
produce synthetic lubricating oils. The 
chlorinated compounds used are chlorin- 
ated ceresin, petrolatum, ozokerite, etc. 


Unsaturated Hydrocarbons Removed 


Cracked oils of the gasoline type con- 
tain high reactive unsaturated hydrocar- 
bons which cause gumming and discolor- 
ation of the cracked oils. Chittick(5") 
removed these unsaturates by polymeriza- 
tion and fractional distillation and treated 
the polymer to produce a lubricating oil. 
A highly unsaturated low boiling oil of 
the gasoline type obtained from cracking 
is mixed with anhydrous metallic halides 
(AICL,). The high boiling residual oils 
are removed, and the AICI, is also re- 
moved. 

Day‘52) produces lubricating oil from 
cracked residua by prolonged digestion of 
cracked residua at temperatures of 550- 
850° C. to effect polymerization, fol- 
lowed by separate recovery of the poly- 
merized material by means of a solvent 
such as paraffin naphtha. 

Loebel®? subjects any mineral oil 
which is relatively non-volatile, such as 
paraffin wax, wax tailings, paraffin shale 
oil, paraffinous distillates, ozokerite, cere- 
sine, residues of brown coal tar treatment, 
etc., to a liquid phase cracking process 
between 800 and 900° F. to produce hy- 
drocarbon fractions boiling between 300 
and 850° F. The aromatic, ammonia, 


sulfur products present in these fractions 
are removed by solvent extraction or with 
adsorption agents such as clay, silica gel, 
etc., which remove the acidic constituents, 


The resultant fraction is re-cracked in 
the vapor phase to form olefins, and the 
undesirable constituents are removed 
from the liquid condensate. The olefinic 
distillate is polymerized with aluminum 
chloride to produce lubricating oil. 


The use of anhydrous phosphorus pen- 
ta-oxide as a catalytic agent in the pro- 
duction of lubricating oil is disclosed by 
Malishev(54), Hydrocarbons such as 
pure ethylene, propylene, butylere, amy- 
lene, etc., or their mixtures or fractions 
containing olefins from cracked mineral 
oil distillates or cracked vapors or gases, 
are polymerized at 150-400° C. and pres- 
sure usually not exceeding 50 atm., in the 
presence of phosphorus penta oxide, 
which, if desired, can be suspended in a 
liquid carrier. 


Maurits(*5) obtained synthetic lubri- 
cating oil by preheating distillates to be 
polymerized with a catalyst at elevated 
temperatures, separating the sludge and 
forming polymers from the refined por- 
tion. This preliminary polymerization is 
carried out with about 2% aluminum 
chloride at elevated temperatures. The 
refined distillate is then polymerized at 
about 30° C. in the usual way with the 
same catalyst as used in the preliminary 
polymerization, or with another catalyst. 


Used High Molecular Weight Waxes 


Lubricating oils were obtained by 
Pier(5) by heating under pressures above 
20 atm. hard or soft paraffin waxes or 
aliphatic hydrocarbon derivatives of high 
molecular weight above 251 and, in par- 
ticular, their oxygen-containing deriva- 
tives, such as carboxylic acides or alcohols 
or mixtures containing such substances, in 
the presence of catalysts having a dehy- 
drogenating and, at the same time, a con- 
densing action. Other materials which 
can be used are petrolatum, alcohols, 
acids, or esters of high molecular weight, 
and waxes such as Montan wax. The 
catalysts which can be used are: molyb- 
denum, tungsten, chromium, sulfur, vana- 
dium, manganese, nickel, cobalt, iron, or 
their mixtures, as well as copper, silver, 
zine, copper-zinc, cadmium, aluminum, 
or boron; and these can be placed on car- 
riers such as active carbon, lignite coke, 
silica, bleaching earth, etc. In combina- 
tion with the above catalysts, a Friedel- 
Craft type of catalyst can be used, such as 
aluminum chloride, zinc chloride, ferric 
chloride, boron fluoride, sulfur com- 
pounds, or phosphorus oxychloride, The 
reaction temperature varies between 
about 200 and 450° C., and the pressure 
between 20 and 100 atm. In, addition, 
the reaction can be caried out in the pres- © 
ence of naphthalene, anthracene, phen- 
anthracene, mineral coal tar fractions, or 
mireral oil containing cyclic hydrocarbons 
or liquid or gaseous olefins, such as crack- 
ing gases, ethylene, propylene, butylene, 
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“Seems like everyhody’s asking about 
Aluminum Alloy equipment” 


“Surprising how our alloy department has 
grown. There were three more inquiries in the 
mail today for aluminum tanks alone.” The 


" os = speaker was Sales Engineer for John Nooter 
eeseeeeaeeeveeeeeseeeeeeeeveeeee eee ee ee , ia : ' 
Boiler Works Company of St. Louis. His obser- 
Assembling an aluminum processing tank 


ot John Nooter Boller Works Co., St. Louls vation checks with that of Alcoa and many 


e#eeeeede 
*@#eeseeeee 


others supplying the processing industries. 

Chemical producers, synthetic rubber manu- 
facturers, processors of petroleum products 
have all learned these facts about equipment 
made of Alcoa Aluminum Alloys: Processes are 
made more efficient. Products are higher in 
quality. Operations are speeded up. Products 
are protected when stored and shipped in Alcoa 
Aluminum containers. 

For help in designing your equipment in 
aluminum alloys best suited to each use, call the 
nearby Alcoa office. Or write ALUMINUM 
Company or America, 1869 Gulf Building, 


Pittsburgh 19, Pennsylvania. 
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or cracked products of oils or paraffin 
wax, 

Oxidation-resistant, stable lubricating 
cils were obtained by van Peski(57) by 
fractionating hydrocarbon stocks to re- 
move undesirable components such as 
aromatics. The desired fractions are then 
treated further to remove sulfur com- 
pounds, and the pure cracked distillate 
pclymerized to form lubricating oil. The 
non-polymerized fractions are removed 
and the residue treated with steam to pro- 
duce additional lubricating oil. 


Influence of Organic Substances 


Langedijk‘®*) found that such organic 
substances as nitrobenzene, nitromethane, 
acetone, acetophenone, benzopienore, 
benzoyl chloride, diphenyl sulfone, and 
their mixtures, influence the polymeriza- 
tion action of such catalytic agents as the 
inorganic halides cf aluminum, boron, 
iron, antimony, bismuth, arsenic, molyb- 
denum,tungsten, vanadium, thorium, zir- 
conium, etc., when used in the polymeri- 
zation of unsaturated hydrocarbons to 
produce lubricating oil. Using iscbutyl- 
ene under the above conditions at tem- 
peratures of —10 to 10° C., good lubri- 
cants are obtained, while higher tempera- 
tures are necessary to produce lubricating 
oil with propylene. 

Waxy hydrocarbons, such as _paraftin 
wax, petrolatum, wax tailings, slack wax, 
ete., were subjected to mild cracking by 
Story(°®) to yield partially high boiling 
hydrocarbon. The cracked products are 
then chlorinated and the chlorinated prod- 
uct condensed in the presence of a metal- 
lic halide condensation catalyst to pro- 
duce viscous synthetic lubricating oil. 


Low Temperature Fluidity Retained 

To produce lubricating oil whose mo- 
lecular structure approaches that of the 
normal straight chain paraffins and whose 
Huidity is retained at relatively low tem- 
peratures, Gardiner(®°) dehydrogenated 
paraffin waxes by chlorination and de- 
chlorination in the presence of such cata- 
lysts as HCl, clays, silica gel, and Fuller’s 
carth, to form olefins and diolefins. The 
clefinic materials are then polymerized in 
the presence of metallic aluminum and 
aluminum amalgam, or anhydrous alumi- 
num chloride, to produce the final prod- 
uct. 

Fitch(*!! polymerized under pressure 
tertiary or gamma olefins in the presence 
of other olefins to produce lubricating 
oil. The preferred olefins contained three 
to eight carbon atoms, and the polymer- 
ization was carried out in an anhydrous 
lcohol solution of anhydrous halides, such 
as anhydrous alcohol solution of the 
chlorides of iron, zme, and aluminum, It 
cesired, the polymerization can be ac- 
complished in one or two stages. 

From the gum and color forming con- 
stituents of a vapor phase cracked distil- 
late, lubricants were produced by Oster- 
strom(®2) by polymerizing this material, 
separating it from the gasoline by frac- 
tionation, and then heating it with alumi- 
num chloride or anhydrous aluminum 
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chloride until the iodine number is_re- 
duced to a minimum, The aluminum 
chloride is then removed, and the oil 
produced is washed and neutralized. 

Sullivan(**) polymerized straight chain 
olefins having eight or more carbon 
atoms, such as the octene to cetene series, 
with 1 to 5% catalytic agents, such as 
aluminum chloride, zinc chloride, ferric 
chloride, for 6 to 10 hrs. at 50-100° C. 
to preduce a superior oil having good 
temperature viscosity characteristics. 

High viscosity index oils were produced 

by Gardner(*4) by dehydrogenating sat- 
urated hydrocarbons of the normal 
straight chain series, such as_ paraffin 
waxes, crude scale wax, and match wax, 
to form clefins and diolefins. The dehy- 
drogenation was brought about by chlor- 
ination and dechlorination, and the ole- 
finic materials were then polymerized to 
the desired product. 

Manley‘*5) preduced synthetic lubri- 
cating oil from a wax-bearing lubricating 
oil fraction by treating the fraction with 
chlorine and then condensing the chlor- 
inated wax in the presence of a Friedel- 
Craft catalyst. The product had a low 
pour point and high viscosity index. 

The pclymerization of ethylene with 
aluminum chloride produces optimum re- 
sults at above 200° F., according to Hall 
et al.,(66) when forming lubricating oils. 
The cracking action of aluminum chloride 
at this temperature can be inhibited by 
the presence of metallic aluminum, mag- 
nesium, or zinc. In addition, Hall et al., 
disclcse that ethylene treated with alumi- 
num diethyl chloride or aluminum chlor- 
ide-aluminum catalyst yields butene-| 
hexenes, and octenes. 

According to Pier,(®7) improved syn- 
thetic lubricating oil is produced from 
high molecular paraffin wax condensation 
products by subjecting them to treatment 
with selective solvents, such as phenols, 
cresol, nitrobenzene, acetone, cyclohex- 
anone, lavulinic acid, pyroacenic acid, 
aniline, furfurol, liquid SO., chlorinated 
ethers, etc, 

Zorn'®*) produced a high quality lu- 
bricating oil by condensing a solution of 
hydrocarbon oils, such as mineral and 
tar oils, destructive hydrogenation prod- 
ucts of coal, cracked and destructive hy- 
Grogenation products of mineral and tar 
cils and of fatty oils, and their extraction 
and distillation products, and polymer- 
ized isobutylene. The catalysts used for 
these reactions: were the Friedel-Craft 
type, and the reaction temperature ranged 
between 40 and 80° C. 


Long Chain Olefins Polymerized 

By polymerizing long chain olefins by 
means cf aluminum chloride containing 
small amounts of water, Perquin‘*®) pro- 
duced synthetic lubricating oil having a 
high viscosity index. It appears that the 
water enhances the polymerization of an- 
hydrous aluminum chloride. 

Fischer(7°) produced lubricating oil by 
removing all light benzene beiling up to 
100° C. from raw products obtained at 
normal pressure by the synthesis of ben- 


zene from hydrogen and the oxides of 
carbon. The olefins present in the high 
boiling benzene fraction are condensed 
to form lubricating oil. 


High Molecular Weight Necessary to Pier 

To produce lubricating oil, Pier(7') 
takes such materials as saturated or unsat- 
urated liquid, semi-solid, or sclid paraf- 
finic hydrocarbons of high molecular 
weight, high molecular weight naph- 
thenic hydrocarbons, high molecular 
weight hydrocarbons obtained by poly- 
merization, petroleum jelly, ceresine, oz- 
okerite, or Montan wax, etc., and treats 
with oxygen, sulfur, or halogen com- 
pounds in the presence of catalysts such 
as iodine or antimony trichloride, at tem- 
peratures between room and 100 to 400 
C. The material thus treated is sub- 
jected to chemical condensation with an- 
hydrous inorganic halides, such as alu- 
minum chloride, zinc chloride, ferric 
chloride, boron fluoride, phosphorus oxy- 
chloride, and activated metal such as alu- 
minum, sodium, alkaline earth metals, 
zinc dust, or alloys coctaining such met- 
als. The reaction temperature is between 
30-100° C., and may go up to 200° C., 
depending on the catalyst used; the pres- 
sure.may vary from atmospheric to 1000 
atm. ‘The chemical condensation can be 
carried out in two stages and also in the 
presence of inert gases, such as nitrogen, 
CO., or olefirs, diolefins, or their mixtures, 
cr cyclic hydrocarbons, to produce the 
desired lubricating oil. 

Synthetic lubricating oils prepared by 
the condensation of hydrocarbons of the 
naphthalene series and olefins or by re- 
acting xylol with ethylene chloride are 
known in the art. Towne(7?) discleses 
that lubricatirg oil can be prepared by 
reacting benzene and ethylene or pro- 
pylene chloride in the presence of a Frie- 
del-Craft catalyst at normal or atmos- 
pheric temperature and pressure. 


Moser Used Low-boiling Olefins 

Moser(73) formed synthetic lubricating 
oil by polymerizing low-boiling olefins in 
the presence of H,PO,, H,P.O,, HPO,, 
H.P,O., or H,PO,, and anhydrides of 
P.O,, or acids such as H,SO,, benzene sul- 
fonic, arsenic, silicic acids, silica gel, or 
acid-reacting salts of these acids, or acid- 
reacting clays, halide catalysts such as alu- 
minum chloride, aluminum bromide, bor- 
on fluoride, zine chloride, titanium chlor- 
ide, ferric chloride, tintetrachloride, bis- 
muth oxychloride, etc, The polymerized 
product is fractionated and the heavy 
fraction is subjected to a second poly- 
merization. Aromatic hydrocarbons can 
be added to the second fraction to sta- 
bilize the oxidation properties of the oil. 
In order to accelerate polymerization of 
the second fraction, halogen hydride, wa- 
ter, or mono or polyhydric alcohol can 
be added. The oil produced gan then be 
hydrogenated or acid-treated, if desired. 

Synthetic lubricating oil for automatic 
speed power transmissions was produced 
by McNulty(*4) by subjecting a heavy 
naphtha to a reforming-cracking opera- 
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| tion at 1000-1150° F. and pressures of 
| 500-1000 psi. The distillate is fraction- 


_ ated and the high unsaturated hydrocar- 










— 





m4 6 FER, bons are polymerized with aluminum 
. » chloride, aluminum bromide, or boron 
[ON THE AIR | | fluoride in the presence of polymerizing 

| J promoters such as HCl, CCl,, ete. To 

| . m the above reaction product pinene and 
ee | ey “\ turpentine are added, and the entire mix- 


ture co-polymerize. 

According te van Peski,(75) straight 
chain olefins boiling between about 160 
and 300° C. produce the best viscosity 
index lubricating oil upon polymeriza- 
tion. To obtain such olefins from paraf- 
| fin wax, kerosine, gas oil, or wax distil- 
late, the materials are selectively dehy- 
drogenated to convert naphthenes to aro- 
matics and then the dehydrogenated 
_ product solvent extracted to separate the 
| aromatics from the paraffinic hydrocar- 
| bon. 

Goethel(*") used unsaturated hydro- 
carbons boiling between 150 and 200° C. 
obtained by catalytic conversion of mix- 
tures of carbon monoxide and hydrogen, 
as in the Fischer-Tropsch process, and 
polymerized the unsaturates in the pres- 
ence of anhydrous aluminum chloride. 

















Chlorparaffin and Aromatics 
Wiggins, et al.,{*7) prepared synthetic 


TRYING TO REACH LISTENING MILLIONS with o | lubricating oil from chlorparaffin and 


aromatics such as benzene, toluene, or 
naphthalene in the presence of anhydrous 


megaphone, is like attempting to meet today’s | aluminum chloride and metallic alumi- 
' num. The addition of iodine shortened 

° > the reaction time. Of interest was the 

demands for greater refinery production with an | fact that the specific gravity, refractive 


| index, and viscosity increased with the 
chlorine content, and that the pour point 
| of the oil decreased with increased chlor- 
ine content, The oxidation stability of 
throughout the world have used Alcorn heaters the oil and the Conradson Carbon was 
little affected by the chlorinated wax 


outdated heater. For the past 22 years, refineries 


for maximum production at lower cost. This same used. The best engine oil was produced 
by condensing chlorinated paraffin wax 
engineering skill is at your disposal whether your with benzene. 


Synthetic lubricating oil was produced 
by Flemming‘**) by polymerizing olefins 
in the presence of aluminum chloride 
with the aid of perchlorethylene. Gei- 


requirements call for new installation or mod- 


ernization of the equipment you are now using. ser(79) discloses that a polymerizing cat- 
alyst can be revived by adding a small 

. amount (20% ) of fresh catalyst to the 

It will pay you to consult Alcorn about your reaction, Pier,8° in order to produce de- 


sired lubricating oil, splits up or fraction- 


heater problems. For new units or replacements ates halogerated high molecular weight 
hydrocarbons into desired fractions, and 
send your specifications today then polymerizes the fractions under suit- 


able conditions. Goethel(*!) states that 
| the degree of unsaturation has no bear- 
ing on the synthetic lubricating oil prod- 


ucts produced from benzene fractions, 
but must corespond with deviations not 
exceeding +1% to a well defined curve 
of density described in the patent. 


. ; |  Clar discloses(8?) that the time of re- 

C om b u st eda 8 om 2) an y | action can be shortened for producing lu- 
bricating oil from cracked benzene ob- 
tained by the Fischer-Tropsch process if 
| three to six times as large a quantity of 
polymerized catalyst is used at successive 

| stages of operation. The catalysts can be 
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revived during the reaction by the addi- 
tion of fresh catalyst. 

Whiteley(83) produced lubricating oil 
by feeding a normally gaseous olefin, 
such as isobutylene, isoamylene, or di- 
isobutylene, into a dilutent of the olefinic 
type containing six to 24 carbons in 
which is dispersed a Friedel-Craft cata- 
lyst at temperatures from 0 to 150° F. 
It is believed that co-polymerization takes 
place between the olefin and the dilutent. 


Burk(84) distills residual materials from 
cracked petroleum and subjects the over- 
head condensate to the action of maleic 
anhydride at 200-225° F., and the prod- 
uct so formed is washed with alkali solu- 
tion. The material formed is then sub- 
jected to the action of a catalyst, such as 
aluminum chloride, at 60-250° F. The 
oil produced thereby is then washed and 
acid-treated and finally clay-treated be- 
tween 250 and 325° F. to produce the 
desired lubricating oil. 

Tramm discloses that by increasing the 
temperature gradually, less polymerizing 
agent can be used in producing lubricat- 
ing oil from cracked benzene obtained by 
the Fischer-Tropsch process.(85) Clar(8®) 
discloses that synthetic lubricating oil can 
be stabilized by treating with aluminum 
chloride, boron fluoride, or zinc chloride 
at temperatures above 140° C, 


Hull(*7) converted butane-butylene 
fractions of cracked still gases into high 
quality lubricating oil by polymerization 
with boron fluoride between 0 and 100° 
F. Mixtures of isobutylene, butylene, 
and isobutane were also used. Korn(8®) 
produced synthetic lubricating oil by 
polymerizing butane-butylene fractions 
of cracked still gases with boron chlor- 
ide or fluoride with excess catalysts. 


Chlorinated Hydrocarbons Plus Catalyst 


By passing chlorinated hydrocarbons 
over an aluminum carbide (AI,C,) cata- 
lyst, or Al,C, mixed with aluminum, cop- 
per, or iron at 265-375° F., Steffen(89) 
obtained a continuous process of produc- 
ing synthetic lubricating oil. 

Reid(9°) produced lubricants by poly- 
merizing olefins, ard discovered that the 
molecular weight distribution of products 
from suitable polymerized systems may 
be represented by means of an arithmet- 
ical probability curve. At low tempera- 
tures, the average molecular weight of 
the product is higher and the proportion 
of very high molecular weight viscous oil 
is increased; at high temperatures, the 
inverse is true. The temperature for the 
reaction may vary from —120° F. to 
+300° F. The polymerized fractions 
not used may be recycled to produce 
polymers of desired viscosity. 

Lubricating oil from low molecular 
weight olefins was obtained by Schnei- 
der(91) by polymerizing the olefins in a 
series of at least two stages operating 
under different conditions so that the mo- 
ecular weight of the product increases 
n each stage. In the first stage, mono- 
ners were polymerized to dimers and 
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... Detter greases for modern industry 


&cee Armour’s Lub-Base is a stabilized blended 


fatty acid, produced especially for the com- 
pounders of lubricating greases. Its production 
and composition is scientifically controlled to as- 
sure the greatly improved greases needed to meet 
the exacting requirements of modern industry. 
Lub-Base gives you the advantages of ease, 
speed and completeness of saponification, higher 
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trimers, and in the second stage the poly- 
merized material of the first stage was re- 
polymerized directly to lubricating oil. 
The catalyst used in the first stage was 
H.SO, or orthophosphoric acid, and the 
temperature ranged between 100 and 
300° F. In the second stage, Friedel- 
Craft catalysts were used, such as alu- 
minum chloride cr bromide, zinc chlor- 
ide, ferric chloride, boron fluoride, or sil- 
icon fluoride, and the temperature varied 
between 50 and 350° F. 

Grasshof (92) produced lubricating oil 
by passing gaseous clefins over a solid 
catalyst (aluminum chloride) while a solv- 
ent was led thereover in a continuous 
stream. The olefirs used were propy- 
lene, a-butylene, amylene, etc., and the 
temperature varied between 40-60° C. 
during the reaction. The output of lub- 
ricating oil was 60-70% with reference 
to the amount of olefin used. 

Active Catalysts Avoided 

Batchelder(®*) produced lubricating oil 
by polymerizing olefins such as ethylene 
under careful regulation of conditions of 
time, temperature, and pressure, and by 
the avoidance of the presence of active 
catalysts, The time cf the reaction var- 
ied from 5 to 100 minutes; the tempera- 
ture ranged between 650 and 750° F.., 
and the pressure was about 3000 pounds. 
By polymerizing ethylene or gas mixtures 
containing ethylene with anhydrous alu- 
minum chloride in the presence of inert 
solvents, Hoag‘®4) cbtained a lubricating 
vil. Holm(®) obtained a lubricant by 
polymerizing sulfur-free, water-free, low 
boiling olefins with anhydrous aluminum 
chloride at 0-80° F. The catalyst was 
then removed and the product passed 
through an absorbent, such as Florida 
clay, charcoal, etc. The low boiling hy- 
drocarbons were removed, and the poly- 
merized product was subjected to satura- 
tion by hydrogenation at superatmos- 
pheric temperature and pressure in the 
presence of a catalyst such as nickel. 

Lubricating oil(®*) is produced by re- 
acting halogenated aliphatic hydrocar- 
bons having more than 12 carbon atoms 
in the presence of Friedel-Craft catalysts 
with an aromatic ether free from amino, 
nitro, carboxylic acid, aldehyde, hydroxy, 
or sulfonic group or halogens having a 
free nuclear position. Chlorinated paraf- 
fin wax may be reacted with anisole, di- 
phenylene oxide, diphenyl ether, dinaph- 
thyl ether, 8-naphthyl ether, cyclohexyl 
phenyl ether, a-naphthyl methyl ether, or 
dinaphthylene oxide, in the presence of 
catalysts, to obtain a lubricant. 

Olefins in Liquid Phase 

Cramer(®?) polymerized olefins (ethy- 
lene, heptylene) in a liquid phase under 
pressure and at temperatures varying be- 
tween 180 and 275” C. in the presence 
of such catalysts as alkyl compounds of 
lead or mercury, to obtain lubricating oil. 
Chlorinated Petroleum and Tar Distillates 
inated petroleum and tar distillates with 
aromatic hydrocarbons and aromatic-con- 
taining products in the presence of alu- 
minum chloride is known to result in a 
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lubr’cating oil.(°%) The condensation of 
olefins such as ethylene, propylene, buty- 
lene, hexylene, or cyclohexene, and aro- 
matics such as naphthalene, methyl naph- 
thalene, ethyl naphthalene, acenthracene, 
or penanthrene, etc., in the presence of 
catalysts such as aluminum chloride or 
bromide, iron chloride, boron fluoride 
etc., produces a lubricant.‘®®) The reac- 
tion temperature varies between 110 and 
130° C. at 15 atm. Lubricating oil('° 
also can be produced by the polymeriza- 
tion cf distillates from cracked paraffin 
wax with olefins such as ethylene, pro- 
pylene, and butylene in the presence of 
boron fluoride and aluminum chloride 
catalysts. The yield of lubricating 
oils@°1) obtained by the polymerization 
cf olefins with aluminum chloride can be 
increased if the reaction is carried out in 
the presence of metallic aluminum or 
zine in finely divided form. A synthetic 
lubricating oil(°2) can also be made by 
polymerizing a fraction of vapor phase 
cracked gasoline, boiling below 75° C. 
By solvent treating('°*) synthetic lubri- 
cating oil obtained by polymerizing iso- 
butylene, the viscosity index of the oil 
may be increased. The condensation of 
aromatic hydrocarbons with chlorinated 
paraffins with aluminum chloride in the 
presence of a small amount of water(!°+) 
not sufficient to decompose the aluminum 
chloride results in the production of lu- 
bricating oil. The reaction is carried out 
between 250 and 300°, the sludge sepa- 
rated, and the product ccoled to form 
the lubricant. 


Summary 


The production of synthetic lubricat- 
ing oil isan increasingly important phase 
of petroleum technology. By carefully 
controlled conditions, lubricating oils of 
desired viscosity, boiling point range, sta- 
bility, and pour point can be produced 
from various hydrocarbon materials. In 
addition, specific desired oil character- 
istics, such as paraffinic, naphthenic, etc., 
can be secured by selecting carefully the 
materials to be polymerized, 

The development of synthetic oil pro- 
duction also opens new markets for ma- 
terials which normally are either consid- 
ered waste or have little, if any, utility 
in the petroleum or other industries. 
Thus, gaseous hydrocarbons and residuum 
materials formed during cracking and re- 
fining of crudes are used today to pro- 
duce valuable oil products. 

This country has been exceedingly for- 
tunate in having large natural oil de- 
posits from which lubricating oil frac- 
tions are easily obtainable. However, 
we must remember that a crude oil con- 
tains only 3 to 5% of oils having de- 
sired lubricating properties. That we do 
not possess limitless supplies of this 
precious material was well illustrated by 
the tight rationing and control of the 
product during the war. 

The attention and energy of petroleum 
technologists, therefore, should be di- 
rected more and more to the study and 
production of synthetic lubricants. 


References 


(34) U.S.P. 1937619 (1933). 
(35) U.S.P. 1938088 (1933). 
(36) Ind. and Engr. Chem., Oct., 1934 
(37) U.S.P. 1944260 (1934). 


(38) U.S.P. 1960625 (1934). 
(39) U.S.P. 1965390 (1934). 
(40) U.S.P. 1965952 (1934). 
(41) U.S.P. 1970402 (1934). 
(42) U.S.P. 1309432 (1919). 
(43) U.S.P. 1955260 (1934). 
(44) U.S.P. 1971301 (1934). 
(45) U.S.P. 1973824 (1934). 
(46) U.S.P. 1989425 (1935). 
(47) U.S.P. 2010606 (1935). 
(48) U.S.P. 2019307 (1934). 
(49) U.S.P. 2019772 (1935). 
(50) U.S.P. 2030832 (1936). 
(51) U.S.P. 2048992 (1936). 
(52) U.S.P. 2049000 (1936). 
(53) U.S.P. 2051612 (1936). 
(54) U.S.P. 2055415 (1936). 
(55) U.S.P. 2055425 (1936). 
(56) U.S.P. 2063623 (1936). 
(57) U.S.P. 2067030 (1937). 
(58) U.S.P. 2076201 (1937). 
(59) U.S.P. 2077781 (1937). 
(60) U.S.P. 2082203-4 (1937). 
(61) U.S.P. 2084082 (1937). 
(62) U.S.P. 2090353 (1937). 
(63) U.S.P. 2091398-9 (1937). 
U.S.P 


(64) U.S.P. 2094593 (1937). 

(65) U.S.P. 2097127 (1937). 

(66) “The Polymerization of Ethylene with 
Compounds of Aluminum as Catalyst,” 
Jour. of the Inst. of Petroleum, 24, 471 
(1938). 

(67) U.S.P. 2106960 (1938). 


(68) U.S.P. 2106232 (1938). 
(69) U.S.P. 2117498 (1938). 
(70) U.S.P. 2128994 (1938). 
(71) U.S.P. 2130024 (1938). 
(72) U.S.P. 2138775 (1938). 
(73) U.S.P. 2143566 (1938). 
(74) U.S.P. 2159220 (1939). 
(75) U.S.P. 2172228 (1939). 
(76) U.S.P. 2172441 (1939). 
(77) “The Synthesis of Lubricating Oil by 


Condensation Reactions,” Jour. of the 
Inst. of Petroleum, 26 (1940). 
(78) U.S.P. 2185405 (1940). 


(79) U.S.P. 2187704 (1940). 
(80) U.S.P. 2189924 (1940). 
(81) U.S.P. 2199200 (1940). 
(82) U.S.P. 2206391 (1940). 
(83) U.S.P. 2220307 (1940). 
(84) U.S.P. 2232435 (1941). 
(85) U.S.P. 2234661 (1941). 
(86) U.S.P. 2238846 (1941). 
(87) U.S.P. 2278445 (1942). 
(88) U.S.P. 2301052 (1942). 
(89) U.S.P. 2294699 (1942). 
(90) U.S.P. 2314080 (1943). 
(91) U.S.P. 2318719 (1943). 


(92) U.S.P. 2329714 (1943). 

(93) U.S.P. 2111831 (1938). 

(94) U.S.P. 2163372 (1939). 

(95) U.S.P. 2224349 (1940). 

(96) Thomas, ‘“‘Anhydrous AIClk, in Organic 
Chemistry,” American Chemical Mono- 
graph Series No. 87, Reinhold Publish- 
ing Co., New York, N. Y. (1941). 

(97) U.S.P. 2117022 (1938). 

(98) Br.P. 320846 (1929). 

(99) Br.P. 323100 (1929). 

(100) Br.P. 358495 (1931). 
(101) Br.P. 363846 (1931). 
(102) Br.P. 413260 (1932). 
(103) Br.P. 428936 (1933). 
(104) Br.P. 491522 (1938). 





More to Come 
Another article on _ synthetic 
lubricants has been prepared 
by Mr. Pritzker, reviewing the 
hydrogenation and volatilization 
processes for their production. 
Watch for it in an early issue. 
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INSPECTING TUBE INTERIORS 





Complete Houdry Case Inspection 
During Regular Catalyst Change 


New Inspection Instrument Makes Possible Complete Visual Examina- 


tion of Tubes and Lower Tube Sheet During Normal Turnaround 


of Modified Houdry Cracking Cases at Sun’s Toledo Refinery 


By WILLIAM C. UHL 


Petroleum Processing Staff Writer 


SING a new type inspection device, 

and at no additional time beyond 
the normal turnaround for catalyst 
change of 7 to 10 days, Sun Oil Co. re- 
cenily completed a thorough and rapid 
visual inspection of the 12-case Houdry 
unit at their Toledo refinery. Included 
in the inspection were cracking case 
interiors, cooling tube exteriors, lower 
tube sheet surfaces, and threaded sock- 
ets for the air and oil vapor tubes. Turm- 
around was handled on contract with 
Sun by Catalytic Construction Co. 

A year ago this Houdry unit was 
changed over to the new modified design 
which permits easy removal of the cata- 
lyst and the air and oil vapor tubes 
without completely dismantling the case, 
and which reduces the off-stream time 
from the previous 6 to 7 week period 
to between 7 and 10 days.* 

As used in this application, the new 
instrument gave Sun’s refinery men vis- 
ual information as to the condition of 
the cooling or salt tubes, the surface 
of the lower tube sheet, and the sockets 
for the air and the oil vapor tubes. 

Two men, using a pair of, “Tube- 
as the instruments are called, 
were able to complete the inspection 
of one cracking case every 24 hours. 
Scheduled so as not to interfere with 
other operations on the case, this in- 
spection took place during the remov- 
al cf the air and oil vapor tubes and 
catalyst. 


” 
scopes , 


The Tubescopes were designed and 
built for Sun by the Lenox Irstrument 





°* An article describing the new Houdry 
design may be found on page 87 of this issue 
of PETROLEUM PROCESSING, 


Sun’s inspection crew guides the head 
of one Tubescope into position inside a 
Houdry case from which catalyst and 
cir and oil vapor tubes have been re- 
moved. Second instrument is already 
in position for use on movable wooden 
supports. With these instruments a com- 
piete visual inspection of the interior of 
the case can be obtained during the 
regular catalyst change period 
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Co., Philadelphia. The inspection at 
Toledo was the first time a Tubescope 
has ever keen used in an oil refinery in 
the U. S. 

Lenox designed and built a_ similar 
instrument for the Bahrein Petroleum 
Co. three years ago for inspecting hori- 
zontal stainless steel tubes in the crack- 
ing furnaces of their reanery on Bahrein 
Island. That application was the first 
time anywhere for the Tubescope in the 
oil industry. It differs from the use at 
Toledo in that it was used horizontally 


and inside the tubes, whereas at Toledo 
it was suspended vertically between the 
salt tubes and used to examine ex- 
terior surfaces. 

Consisting primarily of a long slender 
dural tube with an eyepiece at one 
end and a system of lenses, mirrors, and 
powerful electric lamps at the other, the 
Tubescope provides the inspector with a 
means for looking inside dark and inac- 
cessible places, as for example, the in- 
terior of a Houdry case. 

Fundamentally, the Tubescope, the 
head of which is shown in Fig. 2, is an 
illuminated periscope built along the 
lines of a telescope. There is the usual 
focusing eyepiece and about 6. ins. 
beyond this is a revolving electrical con- 
nection or collar having a screw lug on 
its surface to which the lighting cable 
from a transformer is screwed. By 
this method of attaching the cable, the 
Tubescope can be rotated without inter- 
ference. 

In use, the instrument is suspended 
vertically and placed in the desired po- 
sition above the Houdry case by a der- 
rick. It is then lowered through a hcle 
in a supporting beam, and its height 
controlled by an adjustable clamp col- 
lar which rests on the supporting beam. 
Thus it can be held at any desired height 
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ATTENTION ENGINEERS! 


Complete Series in Booklet Form 


PROCESS ENGINEERING DATA 


This series, comprising 7 articles, 
deals with the development of im- 
proved methods of correlating and 
predicting fundamental physico- 
chemical data—information im- 
portant and necessary for efficient 
design and operation of modern 
refining plants. 


The articles—written by Dr. 
K. M. Watson and his associates— 
are a result of studies conducted at 
the University of Wisconsin as a 
part. of its graduate research pro- 
gram in chemical engineering. 


All the articles formerly appeared 
in the TECHNICAL SECTION 
of National Petroleum News. Be- 
cause of their popularity and use- 
fulness, they were reprinted in 
booklet form. 


Here are the subjects covered in 
the series: 


@ Vapor Pressures and Critical 
Properties of Organic Com- 
pounds 


@ Thermal Properties of Hydro- 
carbons 


@ Thermodynamic Properties of 
Organic Compounds 


@ Thermodynamics of Solutions 


— Ideal Systems at High 
Pressure 
@ High Pressure Vapor - Liquid 
Equilibria 


@A_ Universal 
relation 


Viscosity Cor- 


@ Pressure in Granular 


Beds 


Drops 


This time-saving reference book- 
let—48 pages, magazine size, com- 
plete with tables and illustrations— 
is attractively and durably bound. 


PRICE $1.00* 
*(Ohio purchasers, add 3% sales tax) 


Mail your order to: 


PETROLEUM PROCESSING 
1213 West Third Street, Cleveland 13, Ohio 
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Complete Tube Inspection 









for examining any point along the salt 
tube from the top to the lower end. 


The optical system consists of a num- 
ber of high grade achromatic and sim- 


ple lenses which are distributed through- 
out the length of the instrument in such 
a way as to carry the distant imaze to 


the eyepiece and produce a magnification 
of approximately three times. 


Dural tubing is used because of its 
light weight and strength. The Tube- 
scope consists normally cf four sections. 
The two end sections are each 2% ft. 
long, and between these there are two 
10 ft sections, either or both of which 
may be left out if a shorter instrument 
is desired. The outside diameter of the 
tubing is 1% in. The sections are rigidly 
joined by special internal bronze coup- 
lings consisting of a long pilot slide and 
screw combination designed to carry 
the lighting current from section to sec- 
tion. 


The wires in the tubes pass through 
notches in the periphery of the brass lens 
cells, the latter being held in their cor- 
rect location by sections of thin bakelite 
liner tubing which are finely threaded 
internally in order to trap stray reflec- 
tions. These inner tubes also support 
the wires. 


Several types of illuminated viewing 
heads are made by Lenox, of which 
Sun uses three. One is designed simply 
for a straight ahead view. Shown in 
Fig. 2, it is illuminated by a crown cf 
nine small but powerful 6 volt lamps. 

For lateral viewing, a prism head hav- 
ing six lamps is used, as shown in Fig. 
8. This head is ideal for the most crit- 
ical inspections and for photography. 


Under certain circumstances a circum- 
ference head is used. This has but one 
large lamp, which like those in the prism 
head can be used under stepped up 
voltace. This head, shown in Fig. 4, 








Figs. 2, 3 and 4—Various viewing heads 
suitable for different types of inspection. 
Fig. 2 (left) is the head used for straight 
ahead examination. Fig. 3 (center) 
shows a prism head with six lamps for 
lateral viewing, used for crilical inspec- 
tions and photography. Fig. 4 (right) 
has only one large lamp and a large 
mirror which permits rapid examinations 














Fig. 1—Eyepiece section of Tubescope, 

showing (A) focusing eyepiece, (B) 

electrical connection collar, (C) yoke 

and hooks for suspension cable, and 
(D) supporting collar 


gives an all around view, and is there- 
fore useful for quick work. 

Sun inspectors have found it helpful 
to augment the illumination provided by 
the Tubescope by suspending an addi- 
tional droplight in the cracking case 
at a point near the instrument. 

Where a permanent record in the form 
of a photograph is desired, Lenox man- 
ufactures a specially designed camera 
of the graflex type which can be sitted 
directly on the eyepiece of the Tube- 
scope. 

Although obtained primarily to im- 
prove the inspection of the Houdry units, 
the Tubescope will probably find in- 
creasing use in other inspections, Sun 
officials believe. Such applications 
would include furnace tubes, condenser 
coils, coolers, heat exchangers, product 
lines, and many others. 





Reprints 


Reprints of any articles appearing 
in PeTroLeuM Processinc ordinarily 
are made only on order. Because 
present conditiors prevent our hold- 
ing the type after an issue is pub- 
lished, inquiries for quantity re- 
prints should be forwarded promptly 
after receipt of the issue, by tele- 
gram if possible. Reprints ordered 
after the type has been broken down 
have to carry the additional cost of 
resetting the article. 

Should you desire an article re- 


printed for you, please order the 
reprints promptly. 
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Principles of 


REACTOR 
DESIGN 


By L. N. JOHANSON and K. M. WATSON 


University of Wisconsin, Madison 


Last Month (NPN Technical Section, Aug. 7, ‘46, 
pg. R-629) the authors of this article describing a 
laboratory-scale investigation of the production of 
toluene from benzene and xylene discussed the ap- 
paratus used, its operation, and the collecting of data. 

This month, using previously obtained data, they 
develop a plausible rate equation which is in satis- 
factory agreement with the experimental results. 


Kinetic Analysis 


The experimental work reported was carried out as a pre- 
liminary exploration of the possibility of commercially produc- 
ing toluene by this method. The high rate of fouling of the 
catalyst over the entire range of conditions investigated was 
disccuraging and the work was discontinued in favor of more 
promising projects before sufficient information was collected 
for a complete analysis of the kinetics of the reaction. How- 
ever, the available data permit the evaluation of a plausible rate 
equation which is in satisfactory agreement with the experi- 
mental results over the considerable range of conditions in- 
vestigated. 

The principal reactions involved are represented by the fol- 
lowing stoichiometric equations: 

C,H, +C,H,(CH,),=2 C,H,CH, | . (1a) 

2 C,H, (CH,),=2C,H,;CH,+ C,H,(CHy)3 ............(Lb) 

A complete kinetic analysis of the process should take into 
account the individual rates of Reactions la and 1b. However, 
it would be expected that the two reactions proceed by similar 
catalytic mechanisms and that their rate equations should be 
of similar forms which could be combined into a single equa- 
tion for a feed of fixed composition. Such a combined or over- 
all rate equation would have its greatest uncertainty as equi- 
librium is approached. At other conditions it should represent 
a satisfactory approximation. Accordingly, the data were 
analyzed to develop a restricted equation for the overall rate 
of toluene production from an equimolal feed. The assump- 
tion was made that a theoretical rate equation for the pre- 
dominate Reaction la will, with proper empirical evaluation of 
its constants, satisfactorily represent the overall reaction. This 
assumption probably will lead to little error for moderate con- 
versions at temperatures of 950° F or less. More serious dif- 
ficulties would be expected at higher temperatures where the 
data of Hansford, Myers, and Sachanen‘*) indicate relatively 
more disproportionation of xylene and less reaction with ben- 
zene, 

Although the stoichiometry gives no direct indication of the 
mechanism of a catalytic reaction, the physical and chemical 
similarity of the reactants and products of Reaction la makes 
plausible the assumption that all are adsorbed on the active 
centers of the catalyst. The various forms of rate equations 
which result from the rate co~trol of such reactions by different 
steps of the process have been developed by Hougen and 
Watson(*), Comparison of these rate equations with the effect 
of pressure on the reaction which is indicated by Fig. 7* shows 
that this form of pressure relationship is typical of bimolecular 








®* Figs. 7, 8, and 9 are with the previous section of this article and 
were published Aug. 7, in NPN Technical Section. 
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reactions in which the rate is controlled by a surface reaction 
between adjacently adsorbed reactant molecules. The corre- 
sponding rate equation is as follows: 


manoes C(aaiazi—a’r/K) | - 
(1tas:KatapiKpt+ariKr)? © Ranked 








where 

r = rate of reaction, (moles)/(mass of catalyst) 
(time ) 

C = overall rate constant, a function of tempera- 
ture and the activity, particle size and poros- 
ity of the catalyst, (moles)/(mass of cata- 
lyst) (time) (atm. )? 

4,44, 4g, = activity of components A, B .. . at the inter- 
face of the catalyst particle ( atm.) 

K = gas phase equilibrium constant of the reac- 
tion A ++ B = 2R 

K,, K, ... = effective adsorption equilibrium constants of 
components A, B . . . 1/atm. 

A = berzene 

B = xylene 

R = toluene 


If interfacial activities are assumed equal to partial pressure 
Eauation 2 reduces to the following form for the initial rate of 
reaction of an equimolal mixture of A and B: 





Cr 
no “A =“ . (3) 
[2+7(Ka+Ke)} 
where 7 = total pressure. 


l‘rom Equation 3 it is evident that at low pressures the de- 
nominator is a constant and the initial rate of reaction is pro- 
portional to the square of the pressure as in a homogeneous 
second order reaction. As pressure is increased the term 
~(K, + K,) becomes significant as compared to 2.0 and the 
rate increases less than in proportion to the square of the pres- 
sure. Finally, at very high pressures the 2.0 in the denominator 
becomes negligible and the rate is independent of pressure, This 
is merely a mathematical expression of the assumption that the 
rate of reaction is proportional to the concentration of adjacent- 
ly adsorbed molecules on the catalyst surface. At high pressures 
all active centers have become occupied and further increase 
in pressure produces no increase in rate. 

It will be noted that the form of the experimental points on 
Fig. 7 is in qualitative agreement with Equation 3. At a pres- 
sure of 1.0 atm. the rate of reaction was negligible while in- 
creasing the pressure to 4.4 atm. gave a considerable conversion. 
Further increase to 8.0 atm. more than doubled the conversion 
while continued increase to 21.4 and 31.6 atm. produced rela- 
tively little effect. This comparison is not strictly valid because 
of the possibility that the reverse reaction is important at the 
high conversions resulting from high pressures. 

The thermcdynamic properties of the aromatics have been 
studied by Pitzer and Scott(5), who calculated constants for the 
equilibrium between benzene, toluere and the three isomeric 
xylenes according to Equation la, These constants are plotted 
as a function of temperature in Fig. 10, together with the cor- 
responding mole fraction of toluene formed at equilibrium from 
an equimolal mixture of benzene and xylenes if ideal solutions 
are approximated. It will be noted that at 932° F. the equilib- 
rium conversion to toluene is approximately 48%. Since the 
conversion data of Fig. 7 indicate little increase in rate of re- 
action with increased pressure at conversions which are less 
than 30% it may be concluded that the diminished effect of 
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They told us to run this "AD" 


AUTOMATIC RESET DIAL 


The graduated dial mokes it possible to O- evening at the Engineers’ Club, a group of our customers 


change the rate at which the control point : 
is ene ee me cae told us what we should say about the Brown Mechanical Flow 


THROTTLING RANGE DIAL Meter Controller. 
Graduated from 1 per cent to 150 per cent , 
throttling range. Sufficient to provide flex- They granted the fact that interchangeable range tubes were 
an required to meet any type of control an important factor—wouldn’t want a flow meter without it. They 
problem. 


conceded that the large float provided extra power to assure ac- 
curate measurement and control. 


“But,” they said, “the Air-O-Line control unit is the outstanding 
feature.” 


Precise flow control usually depends on minutely adjustable 
throttling range and reset. The finger-tip adjustments, shown above, 
permit the Air-O-Line unit to be easily “tuned in” to the process. 


The Brown Air-O-Line control unit has been acclaimed by engi- 
neers in every industry as the greatest achievement ever made in 
air-operated controllers. The ease with which Air-O-Line Controllers 
can be adapted to specific control requirements provides everything 
desired in flow control. Once the controller is “tuned in” to the 
process, it becomes fully automatic—Recognizing’—“Analyzing” and 
“Correcting”—without “cycling’—"drifting” or “shifting.” 


Write for Catalogs No. 2204-2 and 8904. THE BROWN IN- 
STRUMENT COMPANY, a division of Minneapolis-Honeywell Regu- 
lator Company, 4508 Wayne Avenue, Philadelphia 44, Pa. Offices in 
all principal cities. Toronto, Canada; London, England; Stockholm, 
Sweden; Amsterdam, Holland. 
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pressure at high pressures is nct primarily due to approach 
to equilibrium. Accordingly, it will be assumed that Equations 
2 and 3 are suitable fundamental forms for expressing the rate 
of reaction. 

In order to completely express the effects of the process vari- 
ables the rate equation must be expanded to take into account! 
the fouling of the catalyst as a function of the length of the 
process period. This may be accomplished by the introduction 
of a “fouling factor” in the denomirator of the equation as 
suggested by Dodd and Watson‘) for the catalytic dehydro- 
genation of butane. Also with the slow rates of reaction and 
relatively high pressures involved it may be assumed that activ- 
ities at the exterior surfaces of the catalyst particles are the samc 
as those in the fluid stream, A further simplifying assumption 
is that ideal solutions are formed and that the activity of a com- 
ponert in the system is equal to the product of its mole frac- 
tion times its fugacity at the temperature and total pressure 
of the system. With these modifications Equation 2 becomes 


Cr*|NavaNuvu— (Neve)? /K\ 





on $$ (4) 
” [1-+-NavaxKa+ NovnsK+ NaverKn+2BF 
or 
C\NavaNuve— (Neve)? / K| g 
—$—$______— (5 
a, a+NavaKit+NuvnKu+Nn veKr+Bi 
where 
N,, Nz, = mele fractions of components A, B . 

v, Vy . . « = fugacity coefficients in components A, B, etc. 
at the temperature and total pressure of the 
system 

Bx = the fouling factor which takes into account 


the covering of active centers by catalyst de- 
posit. The factor B is an empirical function of 
process period length, +r, conversion, tem- 
perature and perhaps pressure. 

The introduction of the fouling factor in the form of Equa- 
tion 4 is ertirely arbitrary but seems logical with the view that 
fouling merely serves to irreversibly occupy vacant active 
centers and thus reduce the rate of reaction in the same manner 
as does adsorption of a product. An alternate method of taking 
into account fouling would be through a multiplying factor 
applied to the entire right-hand side of Equation 2. This 
would imply that fouling had the effect of simply reducing the 
total number of active centers on the catalyst surface. More 
complete data are required in order to definitely establish 
which is the better method. 

Qualitative study of the trends exhibited in Figs. 7, 8 and 9 
indicate that the factor B in Equations 4 and 5 might be repre- 
se:'ted by the following empirical equation: 


B=ur‘+ur2x .. a ee ee) 
where 
Tt = process period length, minutes 
tt, © = functions of temperature only 
c, d = constants 
x = conversion to toluene, moles per mole of feed 


it will be noted that Equations 5 and 6 involve seven un- 
known constants at a single temperature, even if K, and K,, 
are combined as in Equation 10 for the restricted case of an 
equimolal feed. For the extrapolated data corresponding to zero 
process period the number of constants is reduced to three. 
Since all of the data are total conversions produced by an in- 
tegral reactor in which the activities of the reactants vary over 
wide ranges, the constants must be evaluated from an integrated 
equation relating conversion to space velocity at the substantially) 
isothermal-isobaric conditions of each test. 

An integral conversion equation may be developed by con- 
sideration of an infinitesimal cross sectional volume of reactor 
cortaining a mass of catalyst dW. Under steady-state condi- 
tions such that longitudinal diffusion is negligible the production 
of toluene in this section is represented by the following ma- 
terial balance equation: 


Fdx=rdW les are CF) 
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Fig. 10—Equilibrium Data for C/H,+C.H,,—2C.H, 


where 
F = feed rate, moles per unit time 
x = conversion to toluene, moles per mole of teed 
r = reaction rate, (moles toluene)/(time) (mass of 
catalyst ) 
W = mass of catalyst 
lutegrating, for a feed containing no toluene, 
x 
WwW dx (8) 
F r 


0 

Equation 8 was developed by consideration of a single re- 
actor under steady-state conditions in which F is constant. How- 
ever, if mass-transfer and diffusional effects are negligible the 
rate of reaction r is a function only of conversion x for a feed of 
fixed composition at a given temperature and pressure, There- 
fore, for such conditions Equation 8 represents a relationship 
between W/F and conversion which is independent of reactor 
shape, size or feed rate. It may be applied either to following 
the progressive changes in composition throughout a single 
reactor or to correlating overall conversion data from a series of 
runs on a given feed at constant temperature and pressure in 
which W/F is varied by changing the feed rate to a reactor of 
fixed catalyst content. 


Before the integration of Equation 8 may be completed it 
must be expressed as a function of x by means of Equations 5 
and 6. Since there is no change in the number of moles, if only 
reaction (la) takes place in an equimolal feed, 


Na=Np=0.5(1—x); Nr=x... ahd gett ta la aaors seas oh 


Combining Equations 5, 6 and 9 and neglecting the fugacity 
coefficients, 


_eC(- x)?—4x?, (K) 


oe —e 
“af x) -2) 4 +Krx+ur'+ur' torix | 





Cl1— 2x+ (1— 4/ (K )x*| 


“af tart + (Kr—Kaptur?)x 7} 





a CG—3e+er) (10) 
4(a+ px )* 
where 
a = (1 — 4/K) 
Kap _ (K, + K,,)/2 
a = 1/7 + Ky, + ur’ 
8 = Kp — Ky, + vr* 
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Combining Equations 8 and 10 








x 
Ww Le (a?+ 2aBx+f?x*)dx (11) 
F Cc 1—2x+ax? 
0 
Integrating, 
C Ww 2 2 
— .-——= SE + (+5) in(axt— 22-41) + 
4 F a a a 
re... Bt 
_@ @# y 
2V1—a 
~j-V71—¢)(~14+V1-— 
~~. 5h la J (12) 


(ax—1+V1—a)(—1—V1-—a) | 


Equation 12 presents a complete relationship between con- 
version and W/F the ratio of catalyst to feed-rate at isothermal- 
isobaric conditions on the basis of the assumption that only Re- 
action la occurs. In the semi-empirical application of this equa- 
tion to the experimental data it is assumed that x the conversion 
is equal to the toluene content of the product. Space velocity is 
related to W/F as follcws: 


W Mbs 
— =". (13 
F Sipe (13) 
where 
M = molecular weight of feed 


pp density of liquid feed at standard conditions 
pp = bulk density of catalyst 
S, = liquid hourly space velocity 


Equation 12 is of complex form and requires a high order of 
numerical accuracy in its use because the two logarithmic terms 
are numerically large and of opposite sign. Such integrated 
equations are cumbersome and are not adapted to design ap- 
plications because they are restricted to conditions of constant 
temperature and pressure. However, they are useful for the 
analysis of laboratory data to evaluate constants in the funda- 
mental rate equation which then may be applied to design prob- 
lems by methods discussed later, 


Equation 12 may be simplified by assuming as a first approxi- 
mation that Kz, = K,,. This assumption should not be great- 
ly in error because of the chemical and physical similarity of 
the reactants and products. Then, for very short process periods 
where the effect of fouling is negligible and + may be taken as 
zero, Equation 12 reduces to: 


Cc Ww a? 


4 °F 2V1-a 


(ax—1—V1—a)(—1+V1—a) 


In ... (14) 


(ax—1+V1-—a)(—1—V1—a) 
Equation 14 contains only two unknown constants, C and a. 
Values of a/VC were calculated from the equation for each 
of the experimental points of Figs. 4 and 7 at r = 0. Prelim- 
inary values of C and K,, at 932° F. were then obtained by 
plotting a/ VC as ordinates against 1/7. The slope of the best 
straight line through these points is 1/VC while the inter- 


cept is K,,/ VC. In this manner the following values were ob- 
tained for 932° F.: 


C = 1.575 x 10* (mole)/(mass of catalyst) (hr. ) 
(atm. )2 


K,, = 90.213 (1/atm) 


With these two constants evaluated the assumption that 
K, = K,, was verified by using Equation 14 to calculate a 


curve relating W/F to x for comparison with the r = 0 curve 
of Fig. 8. Had the calculated curve given conversions not in 
agreement with the data at high values of W/F it would have 
been necessary to evaluate a first approximation value of K, 
by applying Equation 12 to experimental data in the high eon- 
version range and solving for 8. A finite value of 6 would 
then require reevaluation of K,, and C and then calculation of 
a second approximation of K,. 


Although the data of Fig. 8 might be construed as indicating 
a positive value of ¢ for the r = O curve it was felt that the 
acouracy did not warrant such an evaluation. Accordingly, K, 
was taken as equal to K,, and the curves in Figs. 7 and 8 cal- 
culated on this basis. 

The constants u and ¢ may be evaluated by consideration of 
the data at high space velocities and low conversions in Figs. 5 
and 8. It will be noted from Equation 10 that the equation for 
the initial rate of reaction at zero conversion involves only the 
constants C, K,,, u and c. Thus, 





Cc 
ro= 1 ud a “de? heh bbe’ bb AP ay eS ee a (15) 
4[ —+Kantur® | . 
us 
The value of r, where r = 0 is calculated from the known 


values of C and K,,. Satisfactory approximates values of 1, at 
other process period lengths are obtained by extrapolating 
curves similar to Fig. 8 to zero and assuming that the initial 
rate of reaction is proportional to the conversion obtained where 
W/F = 10. By substituting these values in Equation 15 a is 
ca'culated at different values of r. The corresponding values of 
ur® are plotted against + on logarithmic scales and the con- 
stants u and ¢ are evaluated. Thus, at 932° F., 
u = 2.5 x 103 c = 0.63 

The constants v and d may now be evaluated at 932° F, by 
applying Equation 12 to experimental results from Figs 5 and 
8 for various process periods at maximum values of W/F and 
solving for 6 the only unknown constant. From this series of 





TABLE 2 


Rate Equation Constants at 932° F. 


C. =1575x 10-3 
Kx = 0.213 1/atm 


w =2.5x10-31/(atm) (min)-* 

c = 0.63 

K =3.4 

Kas = 0.213 1/atm 

° = 2.8x 10-3 1/(atm) (min) 
= 1.0 











values of 8 as a function of 7, the following values of » and d 
are obtained for the temperature of 932° F.: 

o = 28 x 103 d= 1.0 
The values of the rate equation constants at 932° C are sum- 
marized in Table 2. 


Effects of Temperature 


The fundamental constants in the rate equation should be 
related to temperature by the following theoretical equations: 


—AH°sp. AS°ap 
+ ni 





Kasp=e RT R . (16) 
a Se 
Kr=e ... (17) 
—b, 
C=A,¢e RT (18) 
where 


— OF", apparent or effective standard molal en- 
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thalpy changes in the adsorption of AB 

and R, 

the gas law constant 

effective standard molal entropy changes 

in the adsorption of AB and R, 

A., b, = overall constants representing the effect of 
temperature on the product of the surfaces 
reaction velocity constant, the “effective- 
ness factor”’(*) and the product K,K;. 


With the limited data available it is necessary to assume 
that AH°,, = 4H°,. This assumption seems plausible because 
of the previously mentioned close chemical and physical similar- 
ity of the products and reactants, Similarly, some assumptions 


R 
AS° 4s, 48°, 


I 





TABLE 3 
Complete Rate Equation Constants 
K = ef®?-3/27)+0.839/R) 


(Temperature range of 700-1050° F) 


C =7.56e 
(mole)/(mass of catalyst) (hr) (atm)? 


Kas = K, =e F7)-0.4/8) 


(1/atm) 
u an 181 e761 RF 


1/(atm) (min)°*® 


c = 0.63 
o = 9820 e*/"F 
1/(atm) (min) 


d =1.0 











are necessary regarding the effect of temperature on the foul- 
ing factor terms of Equation 6. It seems reasonable to assume 
that the exponents c and d are substantially independent of 
temperature and that u and v vary with temperature in accord- 
ance with the form of the Arrhenius or Eyring Equation. Thus, 


—b, 

umAg BT . | (19) 
—b, 

aio... 7 Dove cece veces. (20) 


The constants of Equations 16 to 18 were evaluated from the 
points of Fig. 9 where r = 0, by applying Equation 14 to the 
data at 788° and 1022° F. In each of the resultant equa- 
tions C and K,, are unknowns which may be expressed in terms 
of the Equations 16 to 18 and the known values at 932° F. 
(500° C.). Thus, 





C=1.575x10-% R \T T7327 gy 


—AHap ( 1 1 ) 
Kiz=0.2138e FR | .. (22) 


By combining Equations 21 and 22 with 14 and applying the 
sult to the data at 788° and 1022° F., two simultaneous equa- 
ions are obtained in which b, and 4H°,, are the only un- 
nowns. The constants are evaluated graphically by assuming 
ilues of b and calculating the corresponding values of AH”°,, 
om each equation. The intersection of curves relating b, to 
H°,, for the two equations is the solution. In this manner the 
t llowing values were obtained: 

- = 13,000 cal/(g-mole) 4H°,, = —5,000 cal/(g-mole) 


— 


A, = 7358 66°, = ~GS8 


Because the only data on the effects of temperature are at 
high pressure where 1/z is small in comparison with K,,, it is 
evident from Equation 14 that the individual values b, and 
4H°,, might be considerably in error without seriously affect- 
ing the agreement between their combined effect and the ex- 
perimental data. For more precise evaluation of these tempera- 
ture coefficient terms additional data are required at low pres- 
sures where 1/7 is relatively large. 


The effect of temperature on the constant u of the fouling 
factor may be estimated by consideration of the data at 788° F. 
At this temperature the conversions are so low that initial rates 
of reaction can be satisfactorily estimated for substitution in 
Equation 15. The value of u at this temperature is then cal- 
culated by the same procedure employed at 932° F. The value 
of ry where r = 0 is first calculated from the known values of 
C and K,,. Approximate values of r, at other values of r are 
then obtained by assuming r, to be proportional to the average 
conversion experimentally observed. Corresponding values of 
a and u are then obtained from Equation 15. In this manner the 
following were obtained: 

u at 788° F = 0.71 x 10-3 b, = 16,691 A, = 131/(atm) 


. (min )-83 


The values of A, and b, are next obtained by application 

of Equation 12 to the data at 1022° F for different process 
periods. The equation is a readily solved quadratic with # 
the only unknown, The best average agreement was obtained 
with the following constants: 
v at 1022° F = 7.0 x 10—3; b, = 23,149; A, = 9820 1/(atm) 
(min). The complete expressions for the constants of the rate 
equation are summarized in Table 3 and are shown graphically 
in Fig. 11. 

The curves plotted in Figs. 7, 8, and 9 are those calculated 
from Equation 12 with the constants of Table 3. It will be 
noted that all of the trends of the experimental poirts are 
reproduced by the equations. The quantitative agreement is 


not particularly gocd in many cases but is probably not much 
worse than the reproducibility of the data. 


Direct comparison of the results of Equation 12 with the 
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Backed by experience 


gained in Industry’s 


great war-time 


THE BECKMAN IR2 SPECTROPHOTOMETER 


BECKMAN INFRARED SPECTROPHOTOMETRIC equip- 


ment is widely recognized for its important contributions to 
the success of the war-urgent butadiene and aviation gasoline 
programs. This equipment, developed by Beckman engineers 
working in close cooperation with leading petroleum scientists, 
made possible for the first time the accurate and rapid process 
control so essential to full refining efficiency. 


It is a significant fact that there have been more Beckman Infrared 
Spectrophotometers built than all other 
makes combined. And so successful was the 









important these improvements are. Make a point by point comparison 
with conventional equipment and see how much more the Beckman 
IR2 provides. 


Our technical staff will gladly supply more complete details on the 
Beckman IR2 instrument. A letter, wire or phone call will place this 
information in your hands without delay. Beckman Instruments, 
National Technical Laboratories, South Pasadena 11, Calitornia. 





original Beckman Infrared instrument that 
its far-reaching advancements have now been 
incorporated into a new and even more ver- 


A FEW IR2 ADVANCEMENTS 


satile instrument, extending the advantages 
of infrared analytical and control methods to 
much broader fields of application. This new 
instrument is the Beckman IR2. Into its de- 
sign Beckman engineers have embodied the 
ideas, user-suggestions and first-hand experi- 
ence gained from the pioneer work in buta- 
diene and 100-octane applications. 


There is no other instrument like the IR2, 
because no other instrument has such a back- 
ground of valuable experience behind it. It 
incorporates sweeping advancements in de- 
sign and construction for maximum versa- 
tility, accuracy, speed and convenience. Check 
over the many unique features. Note how 









HERMETICALLY SEALED 
No costly air-conditioning required. Un- 
affected by humidity or atmospheric 
contamination. 


INTEGRAL AMPLIFIER 
No extra amplifier needed for recording. 
IR2 can be direct-connected to standard 
recorder. 


DIRECT-READING SCALES 
Wavelength scale reads directly without 
curves, charts or computations. 
Per cent Transmission scale also reads 
directly. 


CONSTANT RADIATION 
Photoelectronic regulator maintains radi- 
ation constant within 0.1%. 


ZERO DRIFT ELIMINATED 
Greater accuracy; simpler, faster opera- 
tion. 


FALSE ENERGY ELIMINATED 
Negligible stray light effects assure in- 
creased accuracy. 


GALVANOMETERS ELIMINATED 
Beam-modulation, bolometer and elec- 
tronic amplifier eliminate vibration, tem- 
perature and non-linearity difficulties 
associated with galvanometers. 


TEMPERATURE CORRECTIONS 


ELIMINATED 
Entire instrument thermostated. 


UNUSUAL VERSATILITY 
Light sources, cell holders and other ele- 
ments are interchangeable for a wide 
range of applications on gases, liquids 
and solids. 


The above are only a few of many IR2 
innovations. Write for full details. 
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Toluene from Benzene plus Xylenes 





data of Hansford, Myers and Sachanen(?) is of somewhat doubt- 
ful significance because of the fact that they used pure meta- 
xylene as their feed and the possibility that their catalyst was 
different in activity or bulk density. If it is assumed that the 
density of their catalyst bed was 50 lbs per cu. ft., Equation 
12 indicates a conversion of 8% for their run with an equi- 
molal feed at a 1.04 space velocity, 538°C, 2.0 atms. and 
a process period length of 76 min. The observed toluene 
content of their liquid product was 10%. 


Empirical Conversion Plots 


It is evident that complete mathematical representation of 
a catalytic system of this type must involve elaborate and 
tedious equations in order to take into account the complex 
changes in rate resulting from changes in temperature, pres- 
sure, and proportions of reactants. Consideration of all such 
variables must be included in a complete engineering ana- 
lysis to establish optimum reactor design and _ operating 
factors. In the general type of reactor design problem which 
involves varying temperatures and pressures throughout the 
reactor the procedure is complicated but little by use of a 
rigorous rate equation. 


Simplified, approximate correlations of kinetic data which 
have no sound theoretical bases are dangerous and must be 
used with constant consideration of the assumptions and pos- 
sible errors involved, particularly in extrapolating away from 
the ranges of experimental experience. However, in many 
cases such approximate empirical methods can be effectively 
used with great savings in time. 


A most useful basis for correlating and predicting the effects 
of variations in space velocity is to assume that even complex 
catalytic systems approximate a pseudo first order relation- 
ship when only space velocity or feed rate is varied, keeping 
the temperature, pressure, and the proportions of reactants 
all constant. Consideration of the curves of Fig. 8 indicates 
that this assumption is at least qualitatively correct for this 
system. As the amount of catalyst is increased the conver- 
sion increases toward equilibrium at a progressively diminish- 
ing rate, exactly as in a simple first order reaction where the 
rate of reaction is proportional to the activity of the un- 
converted reactant. The conversion vs W/F curves of many 
catalytic reactions follow this general form, at any one set of 
conditions, even though the effects of varying temperatures, 
pressures, and compositions are most complex. 


Assumption of pseudo first order behavicr leads to the 
following rate equation for a pure reactant A: 


raak(a - xa — Fe) =k(1 - =) . nf .. (28, 


where r, = rate of reaction of A (moles)/(mass of catalyst) 
(unit time) 
x, = mole fraction of A 


K = equilibrium constant of reaction 

a . «Ve . r 
x, = mole fraction of A at equilibrium = 1/(1+1/K) 
k = apparent first order reaction velocity constant. 


Combining Equations 23 and 8, 


ar Sean OM hls 
0 XA XA 
It is evident from Equation 24 that where pseudo first order 
behavicr is approximated linear relationships should result 
from plotting W/F or reciprocal space velocity against log 
\/(1—x,/x,°) or by plotting F/W or space velocity against 
1 
log 1/(1—x,/x,*). A convenient method of arranging such 
plots on rectangular coordinate paper is shown in Figs. 12 and 


13. In each plot a non-uniform ordinate scale for conversion 
«,/x4° is established by means of the curve relating ‘conver- 
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Fig. 12—Empirical Conversion Plot, High Range 


sion on the upper scale of abscissas to conversion on the ordi- 
nate scale. As an example of the use of such a plot consider 
a conversion of 54% with a value of W/F eoual to 55; 
(F/W=(1.82) x 10-2). This point C is plotted by entering 
either chart at point A on the upper scale of abscissas, follow- 
ing down to the curved lire at B and then horizontally to 
the proper abscissa value at C. A truly first order reaction 
plotted in this manner will yield straight lines, the slopes of 
which are equal to the reaction velocity corstants. Fig. 12 
is useful for the high conversion, low space velocity range 
because all curves must extrapolate to x,/x,°=1.0 where 
the space velocity is zero, Fig. 13 is useful for the low 
conversion, high space velocity range where all curves con- 
verge at zero conversion and zero W/F or reciprocal space 
velocity. 


These charts may be used for empirically plotting either 
the ratios of conversion to equilibrium conversion or the ratio 
of yield of a product to its ultimate yield at 100% conversion. 
If pseudo first order behavior is approximated a single experi- 
mental point serves to establish an approximate relationship 
between space velocity and conversion over the entire range. 


To test the applicability of this approximation, points from 
the curves of Fig. 8 are plotted on Figs, 12 and 13. . 

The broken lines are average curves through the points 
while the straight lines are drawn from the extreme points 
to the origin of each chart. It will be noted that the points 
from the curve for short process periods (r=) are in excel- 
lent agreement with the first order approximation over the 
entire range. However, the points corresponding to process 
periods of 50 and 300 min. show increasing deviation from 
the linear relationships indicating that the effective first order 
reaction velocity constant diminishes progressively with in- 
creased conversion. In these cases considerable error would 
result from assumption of a linear relationship based on a 
single point. However, a fair approximation may be obtained 
from two results, one at high and one at low space velocity. 
The low space velocity point is used to establish a line on 
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Fig. 13 and the high space velocity point to establish a line 
on Fig. 12. The high range line is then plotted on the low 
range chart and the reverse and the two lines joined by smooth 
curves similar to the broken-line curves of Figs. 12 and 13. 


This method of plotting is useful for correcting experi- 
mental results to a common space velocity basis for correlation 
and for making preliminary extrapolations of space velocity 
relationships. It is also convenient for comparing different 
catalysts and estimating the different space velocities re- 
quired for a given conversion. However, it must be emphasized 
that even though such empirical methods may give excellent 
agreement with observed conversion-space velocity relation- 
ships this gives no basis for assuming that the effects of 
pressure, temperature, and composition variations bear any 
similar relationship to first order behavior. 


Design Applications 


Equations 4, 5, 10 or 12 with the constants of Table 3 
may be used directly in engineering design studies to pre- 
dict the conversions obtained in any proposed commercial 
reactor employing the catalyst used in this investigation. For 
reactors which are isothermal and isobaric and operate on 
equimolal feed the integrated Equation 12 permits simple 
calculation of the space velocity required to produce a speci- 
fied conversion at any selected combination of temperature, 
pressure, and process period length. This application of the 
equation assumes that activity differences resulting from diffu- 
sion from the fluid stream to the surface of the catalyst 
particles is negligible and that conversion is therefore in- 
dependent of mass velocity. It may be demonstrated by the 
method outlined by Hougen and Watson“) that this assumption 
is justified for all reasonable depths of catalyst bed. Diffu- 
sional effects become significant only at the low mass velocities 
resuliing from extremely short beds, 


For a reactor in which temperature is not a constant the 
space velocity required for a specified conversion may be 
calculated by graphical integration of Equations 8 and 10 if 
temperature can be expressed as a function of conversion, x. 
For an adiabatic reactor this relationship follows directly 
from the thermochemistry of the reaction(5), Then, 

x 
(a+Bx)? 
(1—2x+ax*) ” 





. (25) 


A curve is plotted relating (a+ x)?/(1—2x+ax?) to x. The 
area under this curve represents (W/F) (C/4). 


If both temperature and pressure vary significantly through- 
out the reactor the progressive stepwise integration procedure 
described by Dodd and Watson(*) may be used. In this scheme 
the conversion, pressure drop and temperature change are 
simultaneously calculated in successive small finite incre- 
ments starting from the reactor inlet. Thus, for a small in- 
crement Equation 7 becomes: 


AW 
Opens ‘ (26) 


where 

‘ovo = Yate of reaction at the average conditions in 
the increment of catalyst AW. The average conditions in an 
increment are assumed as a first approximation and correspond- 
ing increments in conversion, temperature and pressure calcu- 
lated. These results are then corrected by a second calcula- 
tion based on average conditions calculated from the results 
of the first trial. In this manner conversion, temperature 


and pressure relationships may be simultaneously developed 
throughout the reactor. 


Conclusions 


The rate equation developed on the basis of this investi- 
gation was derived from a minimum of experimental data 
which were not of a high order of accuracy. It is believed 
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that it represents the effects of the process variables with 
sufficient accuracy for preliminary engineering evaluations 
within the general range of conditions investigated. However, 
any extended extrapolation would be dangerous because of 
the uncertainty regarding both the fundamental form and the 
values of the constants, 

For complete evaluation of the kinetics of the operation 
the accuracy of the data, particularly at short process periods, 
should be improved by minimizing time lag in the reactor and 
improving the analytical procedure through use of a pre- 
cision micro distillation column and larger samples. With 
these improvements series of runs at widely varying space 
velocities should be carried out at each of several pressure and 
temperature combinations and on feeds of different composi- 
tions. Reliable data at high space velocities are particularly 
helpful in developing a rate equation. With such data the 
individual rate equations of both Reactions la and lb could 
be evaluated. With improved accuracy the fugacity coeffi- 
cients of Equation 5 should be carried throught the suc- 
ceeding equations. These coefficients are readily evaluated 
from the generalized charts of Gamson and Watson(?). 


Acknowledgments 


This work was carried out as a part of a project under the sponsorship 
of the Office of Production Research and Development of the War Pro- 
duction Board. The helpful suggestions of D. B. Keyes, L. A. Monroe, 
and W. L., Faith of this organization are gratefully acknowledged. Addi- 
tional financial support was furnished by the Wisconsin Alumni Research 
Foundation. The catalyst used was made available through the coopera- 
tion of the Catalytic Development Co. 


References 


. Dodd, R. H. and Watson, K. M., Trans. Am. Inst. Chem. Eng., (1946) 
and NATIONAL PETROLEUM NEws, Technical Section, 38, R-545 (July 
8, 1946). 


. Gamson, B. W. and Watson, K. M., NATIONAL PETROLEUM NEWS, 
Technical Section, 36, R-623 (Sept. 6, 1944). Also “Process Engi- 
neering Data’’, National Petroleum Publishing Co., Cleveland (1944). 


. Hansford, R. C., Myers, C. G. and Sachanen, A. N., Ind. Eng. Chem., 
87, 671 (1945). 


. Hougen, O. A. and Watson, K. M., Ind. Eng. Chem., 85, 529 (1943). 
. Pitzer, K. S. and Scott, D. W., J. Am. Ch. Soc., 65, 803 (1943). 


. Reiser, C, O. and Watson, K. M., NATIONAL PETROLEUM NEws, Tech- 
nical Section, 38, R-260 (April 3, 1946). 


PETROLEUM PROCESSING, September, 1946 





LARGE and small 


capacity furnaces for every 
refinery operation, gas plant 
installation and chemical process 





There’s a PETRO-CHEM 
ISO-FLOW* FURNACE 


for every capacity, duty and process 


@ Distillation @ Gas Pyrolysis 

@ Solvent Extraction @ Gas Heating 

@ Dewaxing @ Steam Superheating 
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Third in Hydrocarbon Physical 
Constants Series Available 


Physical Constants of Hydrocarbons, 
Vol. III, Mononuclear Aromatic Hydro- 
carbons, by Gustav Egloff; 6% x 9% in., 
661 pages, stiff cloth binding, $15.00. 


The latest in the series of American 
Chemical Society Morographs Physical 
Constants of Hydrocarbons deals with 
the properties of mononuclear aromatics. 
The constants of aliphatic and alicyclic 
hydrocarbons were published in Volumes 
1 and II, respectively, The present classi- 
fication of mononuclear arcmatic hydro- 
carbons does net include hydrocarbors 
having a fused ring structure, any ring 
of which is aromatic. 

That the study is complete is indi- 
cated by the method of literature search- 
ing. The well-known Beilstein’s Hand- 
buch der Organische Chemie, Vclume V 
and Supplement V, and the Landbolt- 
Boernstein Tabellen were covered for 
references published prior to 1900 and to 
insure thorough coverage of the later 
literature. 

For the period since 1900, Chemical 
Abstracts and Chemisches Zentralblatt 
were used for references. 

The constants recorded were melting 
points at all given pressures, boiling points 
at all pressures, densities at all tempera- 
tures, refractive indices of the sodium D, 
hydrogen alpha, beta, and. gamma, ard 
helium lines at all temperatures, angles 
of rotation at the sodium D lines at all 
temperatures, critical temperatures, crit- 
ical pressures, critical densities, and 
sublimation, poirts. 

In the final editing all temperature units 
were converted to degrees centrigrade, 
all pressure units to millimeters of mer- 
cury except melting point pressures, which 
were converted to atmospheres. 

The editor, Gustav Egloff, is a well- 
known petroleum research man, and is 
Director of Research for Universal Oil 
Products Co. in their laboratories in 
Chicago. 


Social and Economic Aspects 
Of Oil Industry Analyzed 


When the Oil Wells Run Dry, by 
Walter M. Fuchs; 6 x 8% in., 447 pages, 
stiff cloth binding, indexed and illustrated, 
$3.75. 

A balanced presentation of important 
historical, social, political, and scientific 
oil facts, When the Oil We'ls Run Dry 
has been written in an easily readable 
and understandable manner. 

Dr. Fuchs first traces the story of oil 
from the dawn of civilization to the pres- 
ent day, and then tells the part oil plays 
in international politics. Following this, 
he gives a picture of the industry in the 
U. S., ard then devotes considerable dis- 
cussion to the prospects of future dis- 
coveries of new fields. 

The latter half of the book is concerned 
with the technology of production and 
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Department, Petroleum Processing, 1213 West 
Third St., Cleveland 13, for the prices listed, 
postpaid, unless indicated otherwise. Ohio 
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refining, including an entire chapter on 
the processes of synthesizing petrcleum. 
Aspects of world economy and our gov- 
errment’s oil policy are dealt with 
throughout the book, A final chapter dis- 
cusses present and future sources of 
power, correlating power from oil, coal, 
water, the sun, the wind, and the atom. 

The author, at present a New York con- 
sulting chemist, has had a varied career 
as a teacher, scientist, industrialist and 
inventor since receiving a Ph. D. in 1914 
from the University in his native Vienna. 


Filtration Theory and 
Practice Covered in New Book 


Theory and Practice of Filtration, by 

George D. Dickey and Charles L. Bryden; 

6 x 9% in., 346 pages, stiff cloth binding, 

indexed and illustrated, $6.00. 

Filtration, broadly speaking, is essen- 
tially a process of purification, and occurs 
in a multitude of manufacturing opera- 
tions, from sound filtration in radio and 
telephone to vitamin extraction in medi- 
cinal preparations. Theory and Practice 
of Filtration, however, is limited to the 
separation of sohds from liquids and gases 
by the use of porous media. 

A concise treatment of the history, 
theory, and principles of filtration is fol- 
lowed by the major portion of the volume, 
which is given over to the various types 
of filters and auxiliary apparatus, includ- 
ing typical data. In the chapters devoted 
to types, inciuding gravity, pressure, and 
vacuum filters, the discussion covers in- 
formation on construction, operation, ma- 
terials handled, advantages and disad- 
vantages—valuable to the practical man. 

Oil men will find irterest in the chap- 
ters on general types of filters as well as 
in those devcted to hydraulic presses, 
filter media, oil filters, expellers and 
separators, cenirifuges, and auxiliary 
equipment. 

The last three chapters deal with 
typical applications and flow sheets, test- 
ing and selection of equipment, and in- 
stallation. 

The authors, Dickey ard Bryden, both 
members of the American Chemical So- 
ciety, have also written a “Textbook of 
Filtration.” Dickey is also a member of 
the American Society of Chemical Fn- 
cineers. 








Determination of Grease 
Viscosity Described 


Determination of the Flow Characteris- 


tics of ‘Lubricating Greases, summary 


report issued by National Lubricating 
Grease Institute, 8% x 11 in., 43 pages, 
mimeographed, paper binding, illustrated, 


$1.00. 


A new technical bulletin issued by the 
National Lubricating Grease Institute 
covers in detail the development of « 
Pressure-Viscosimeter suited for determin- 
ing the apparent viscosities of lubricating 
greases over a considerable range of rates 
of shear. 

The bulletin, Determination of the 
Flow Characteristics of Lubricating 
Greases, describes in detail the viscosi- 
meter instrument and its method of oper- 
ation. Additional chapters deal with the 
significance and application of greas 
viscosity data. 

The Pressure-Viscosimeter, although 
developed primarily for determination cf 
the flow characteristics of lubricating 
greases, is also suited for viscosity meas- 
urement at very low temperatures or of 
extremely viscous oils, where some types 
of such instrumerts are not satisfactory. 
Chapters in the bulletin give further in- 
formation on this application. 

Copies of Determination of the Flou 
Characteristics of Lubricating Greases 
may be ordered directly from the Institute. 
1116 Land Bank Bldg., Kansas City 6. 
Mo., or through the Readers’ Service De- 
partment of PerroLteuM PRocEssiNG. 


System of Mechanics 
For Petroleum Production 


Petroleum Production, Vol. I, Mechanics 
of Production: Oil, Condensate, Natural 
Gas, by Park J. Jones: 6% x 9% in., 228 
pages, stiff cloth binding, indexed by 
subject and by author, illustrated, $4.50. 


Volume I of Petroleum Production 
presents a system of mechanics of pro- 
ducing oil and condensate prior to the 
breakthrough of displacing fluids into pro- 
ducing wells. It shows that higher oil and 
condersate recoveries are achieved’ by 
producing as much oil and condensate as 
possible prior to the breakthrough of the 
displacing fluids. It shows, furthermore. 
that the cost per barrel of production is 
least when maximum recoveries are 
achieved prior to the breakthrough of 
water or gas into producing wells. 

Following an introduction to the ele- 
ments of production mechanics, the au- 
thor discusses characteristics of produc- 
ing ard non-producing types cf soils. This 
is followed by chapters on_ interstitial 
and free water, application of electric 
logs, composition of hydrocarbons, prop- 
erties of reservoir liquids and gases, dis- 
placement of oil by water and gas and of 
oil and water by gravity, invasion fac- 
tors and patterns. displacement of con- 
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lensate by cycling, and volumetric bal 
neces. 

Author Park J. Jones is a petroleum 
roduction engineer engaged in consult- 
ig work in Houston, Texas. 


industrial Chemisty from 
The Engineering Viewpoint 


The Chemical Process Industries, by 
R. Norris Shreve (1945): 6 x 9 in., 957 
pages, stiff cloth binding, subject and 
author index, illustrated with flow dia- 


grams, tables, photographs, and equip- 
ment diagrams, $7.50. 


The Chemical Process Industries is 
primarily a college textbook desigred to 
present industrial chemistry from the 
chemical engineering viewpoint, correlat- 
ing industrial procedures with the study 
of unit operations (physical changes) and 
unit pocesses (chemical changes). By 
means Of statistics of production and con- 
sumption, the economics and_ business 
viewpoint is bought into the discussions 
of some 36 important industries, such as 
ceamics, glass, nitrogen, acids, paint, pe- 
troleum, electrochemical, fermentation, 
and many thers. 

Of particular interest to oil technologists 
are the chapters on the petroleum in- 
dustry, synthetic rubber, plastics, fuel 
gases, waxes, industrial gases, ard waste 
disposal, Because the volume is quite 
broad in scope, detailed information on 
each industry is naturally limited, Rather, 
the author brings out the why instead of 
the how of the procedures discussed. 

A limited number of comparatively 
simple engineering problems are provided 
at the close of each chapter as an aid to 
further study. In addition, selected refer- 
ences are given for further readirg in the 
literature. 

The author, R. Norris Shreve, is Pro- 
lessor of Chemical Engineering at Purdue 
University. 


Helpful Trade Literature 


Multicomponent Fractionation Design 
Method, by Wayne C. Edmister: Eighteen 
pages of text, equations, tabulated results, 
and literature references, describing a 
new method for making the theortical 
plate and component distribution calcu- 
lations required in the design of multi- 
component fractionating equipment. Orig- 
inally given as a paper at the recent Hous- 
ton regional meeting of the American 
Institute of Chemical Engineers, it has 
heen reprinted and may be obtained from 
the Petroleum Refinery Division, Foster 
Wheeler Corp., 165 Brceadway, New 
York 6, N, Y. : 

Sharples Synthetic Organic Chemicals, 
i‘ 72-page, 84 x 11-in. booklet describing 
over 150 synthetic organic chemicals 
tuanufactured by Sharples, including 

ohols, alkyl chlorides, substituted 

ides, amines, ethers, esters, mercap- 

s, phenols and substituted ureas. Gives 

cifications, physical properties and 
tts. Sharples Chemicals, Inc., 123 S. 
Broad St., Philadelphia 9. Pa. 


t 
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REFINING - LUBRICANTS 
PROCESS CONTROL 


Add these Latest Books to 
Your Library of Valuable Technical Information 


American Petroleum Refining {By H. S. Bell} 


Contains all the most up-to-date developments in petroleum technology . . . 
From the crude storage tank to the finished product, every step in modern 
refinery engineering and operation is given in full ... The methods of calcula- 
tion of the chemical, physical and engineering data needed in practical design 
are fully explained, with the information arranged in hundreds of comprehen- 
sive tables and graphs, and with sample problems to show every step in practical 
applications. Photographs and diagrams illustrate refinery construction. 
Included are flow sheets of processes and details of apparatus. Each important 
class of refinery equipment is the subject of an entire chapter which covers 
its design from the basic principles and calculations down to the details of 
construction ..... eee re.: 640 pages, Illustrated and Indexed, $7.50 


Lubricants and Cutting Oils for Machine Tools (By W.G. Forbes} 


Covers the fundamentals of lubrication and the application of numerous types 
of cutting oils in relation to machine tool operations . . . Discusses the various 
properties of lubricating and machine oils, their relative importance, and 
methods of testing, as well as their composition, compounds and blends... . 
Suggests points to be covered when specifying lubricating and cutting oils 

. . Deals with lubricating greases. Gives practical applications of cutting 
oils .. . Prescribes treatment and offers suggestions for the prevention of skin 
diseases resulting from contact with lubricants ........ 90 pages, $1.75 


Lubrication of Industrial and Marine Machinery (By W. G. Forbes} 


Discusses principles of lubrication for common types of engines and machines; 
with descriptions, explanations and analyzations of everyday lubrication problems. 
Covers mechanics of lubrication, fundamentals of production, tests and specifica- 
tions for lubricating oils, and methods of applying lubricants, 314 pages, $4.00 


Instruments and Process Control {By R. E. Clarridge, 
J. S. Detwiler, G. E. Heller, R. N. Pond and B. C. Delahooke} 


Written in layman’s language, this monograph was prepared in the Curriculum 
Laboratory at Cornell University in cooperation with the Taylor Instrument 
Company .. . Explains industrial processes and the measurement and control 
of their variables . . . Defines common instrument terminology . . . Discusses 
basic control theory, simple controllers, controller mechanisms, and the 
applications of controllers . . . Contains over 200 illustrations, photos and 
drawings . . . Well prepared and easy to read.........--. Reproduc- 
tions of 233 typewritten pages 814 x 11, paper cover and plastic bound, $2.75 


A.S.T. M. Standards on Petroleum Products and Lubricants (1945) 


Contains 80 standard and 5 emergency standard methods of test; 11 standard 
and 2 emergency specifications and 3 standard definitions. Covers gasoline, 
fuel oils, Stoddard solvent, cut-back and emulsified asphalt (several grades of 
each) mineral spirits and thermometers . . . Appendices show the results of 
tests on the development of a method for estimating maximum pour points 
of lubricating oils containing pour point depressants . . . and the proposed 
method of test for such pour points ... also the proposed method of test 
for total olefinic and aromatic hydrocarbons in gasoline . . . 546 pages, $2.75 


Mail your order for the above books to: 


PETROLEUM PROCESSING 


1213 WEST THIRD STREET : CLEVELAND 13, OHIO 

















PERSONALS 





Petroleum Technologists in the Headlines 








Mr. William T. Gunn of Yonkers, 
N. Y., has been .appointed to fill the 
post of director for the American Petro- 
leum Institute’s Division of Refining 
left vacant by Dr. R. P. Anderson’s re- 
tirement in Decem- 
ber, 1944. 

The new direc- 
tor was boin in 
Biardstown, Tex- 
as, Feb. 24, 1904. 
He attended Texas 
A and M and the 
North Texas State 
Teachers College 
before his gradua- 
tion from the Uni- 
versity of Texas in 
1926, 

Mz. Gunn taught 
chemistry in Aus- 
tin (Texas) High School for a year before 
going to work for The Texas Co. at Port 





Mr. Gunn 


Arthur in late 1928. He was employed: 


as a research chemist at Port Arthur 
and became chief chemist at the com- 
panics’ Houston and Casper plants. In 
1943 he came to New York as assistant 
to K. G. Mackenzie. 

As assistant to Mr. Mackenzie, Mr. 
Gunn’s work was concerned primarily 
with research development and _ plant 
operations. He participated in the work 
of the Technical Advisory Committee 


of the Petroleum Industry War Coun- 
cil, = se 

Lt. B. Furman Wilkes, USNR. has re- 
turned to Shell Development Co., 
Emeryville, Calif., as a junior research 
engineer. Major Leroy B. Voshall, has 
joined The Texas Co., as engineering 
representative. He had been serving 
in the Army Ordnance Department 
overseas. Phillips Petroleum Co., Min- 
neapolis, Minn., has appointed Edward 
H. .Woerhrle, formerly a_ lieutenant 
(j.g.) stationed at the U.S.N. training 
school at Hollywood, Fla., lubrication 
engineer. . & e 

M. H. Arveson, senior technologist, 
Chemical Products Dept., Standard Oil 
Co. (Ind.) and Robert F. Marschner, 
technologist of the same company, are 
serving on the Show Committee of the 
National Chemical 
Exposition, to be 
held in Chicago 
Coliseum Sept. 10- 
14. It will be the 
fourth sponsored 
by the Chicago 
Section of the 
American Chemical 
Society. The show 
is to be integrated 
with the semi-an- 
nual meeting of 
the ACS. 


Mr. Arveson 











Adelbert M. Crittenden, formerly 
chief chemist with the Triplex Oil Re- 
fining Co., Long Island City, N. Y. has 
been appointed the new chief chemist for 
the Mohawk Refining Corp., Newark, 
N, J. 

oO ° ce] 

Edwin H. Amick, Jr., has been 
appointed associate professor of Chemi- 
cal Engineering at Columbia University. 
He formerly was research chemical en- 
gineer for Standard Oil Development 
Co, 

° co) ° 

Formerly an industrial fellow at Mel- 
lon Institute, Thomas F. Banigan, Jr., 
has joined the research and development 
department of Sinclair Refining Co., 
East Chicago, Ind., as a research chemist. 

Oo oO Q 


Now working at Wayne University, 
Detroit on Standard Oil fellowships are 
H. L. Berneis, formerly of Petroleum 
Specialities, and H. Pearsall, last with 
Ethyl Corp. 

o °° 

H. L. Bedell, chief Chemist of the 
Socony-Vacuum Oil Company’s White 
Eagle Division at Augusta, Kan., has been 
elected chairman of the Wichita Section 
of the American Chemical Society for 
1946-1947, 

A graduate of 
the University of 
Nebraska, Mr. Be- 
dell is serving his 
second term as 
chairman, having 
filled the post pre- 
viously in 1928- 
1929. After receiv- 
ing his Master of 
Science from Ne- 
braska he studied 
at the University of 
Iowa and_ taught 
high school for sev- 
eral years. He joined Socony-Vacuum at 
Augusta in 1926 and the next year helped 
in the founding of the Wichita Section of 
ACS. 

Section officers elected with Mr. 
Bedell are: Eldon Means of the Means 
Laboratories, Wichita, vice-chairman, and 
B. F, Hartman, process engineer of the 
Socony-Vacuum White Eagle Division, 
secretary-treasurer. The retiring chair- 
man.L. C. Krieder, head of the Depart- 
ment of Chemistry at Bethel College, 
Newton, Kan., was named to the Society’s 
National Council. 

oO ° o 





Mr. Bedell 


Harry H. Mack Vice president in 
charge of production for Sunray Oil 
Company has become special adminis- 
trative assistant to the president of the 
company C. H, Wright. He will handle 
general administrative duties relating 
to the companies’ operations following 





the merger of Transwestern Oil Co. into 
the Sunray Corp. 

James K. Ellis is to succeed Mr. Mack 
as general production superintendent. 
He was also made a vice president. Mr. 
Mack was vice president in charge of 


production for Transwestern. 
cod oO cor 





Dr. Kurtz 


Dr. Thomas 


The American Chemical Society will 
hold its 110th National meeting in 
Chicago, Sept. 9th to the 13th. Dr. 
Stewart S. Kurtz, Jr., of the Sun Oil Co., 
Norwood, Pa., is the Society’s Petro- 
leum Division chairman. 

According to Dr. Kurtz, the research 
and experiments resulting in greatly 
improved aviation gasoline, better motor 
oils and more efficient production of 
aromatic hydrocarbons, will be among 
the main topics covered at the Divisions 
meetings. 

A survey of the enormous progress 
of petroleum research in the last 25 
years, and an attempt to forecast future 
triumphs will keynote a special pro- 
gram of the meetings arranged to cele- 
brate the Petroleum Divisions 25th an- 
niversary. 

The anniversary program is headed by 
Dr. Charles L. Thomas, of the great 
Lakes Carbon Co., Morton Grove, IIl., 
vice-chairman of the Division who ex- 
pects more than 1000 oil chemists to 
participate in the celebration. 

Speakers at the anniversary session, 
Sept. 10th, will include the Division’s 
first chairman, Dr. T. G. Delbridge of 
Atlantic Refining Co., Philadelphia, who 
will recall the founding of the organiza- 
tion in 1921. Cary R. Wagner, now a con- 
sulting chemist at Bartlesville, Okla., 
a former chairman and the present Divi- 
sion secretary, will tell of the growth 
to the present 1300 membership of the 
organization. Dr. C. D. Lowry Jr., 
Universal Oil Products Co., Chicago 
will talk on “The Problems of the 
Petroleum Chemist 25 years ago.” 

oO o o 

Kelvin Smith, one of the founders of 
Lubrizol and formerly vice president in 
charge of research and engineering, be- 
comes vice president in charge of re- 
search and development as of Aug. Ist. 









DO ae Ce Vaval assem Total s-tealal= 








amma Ss ss «3 se 


a 26 oo ok. a Qe 





So Wee 





* 
+ 
4 


Personals 





The Lubrizol Corp., Cleveland, O., 
announces the election of Arthur O. 
Willey to the position of vice presi- 
dent in charge of engineering. 

Mr. Willey is a graduate of the Uni- 
versity of Maine, After receiving his 
Masters degree he left Maine and came 
to Cleveland where for several years he 
was professor of Mechanical Engineer- 
ing at Case School of Applied Science. 
He first became connected with Lubri- 
zol as a consultant in which capacity he 
designed the company’s mechanical lab- 
oratory and later became director of 
engineering. 

During the war Mr. Willey was a 
special consultant to the Army Ordnance 
Department on lubrication and _ coordi- 
nated research in the lubrication, fuel 
and engine design. He is a member of 
the S.A.E., the American Petroleum 
Institute, the A.S.M.E., the American 
Society for Testing Materials and the 
American Society of Lubrication Engi- 
neers 


o * oO 
Caribbean Petroleum Co., Caracas, 
Venezuela, (Shell) will have a new 


operations manager when Leonard A. 
Toone reports there from New York 
where he is now vacationing. Mr, Toone 
was the manager of Anglo-Egyptain Oil- 
fields, Ltd. in Cairo before being trans- 
fered. 
o oO o 
Charles Elste, Standard Oil Co. (N. 
J.) has been promoted to general fore- 
man of the Bayway refinery’s electrical 
department at Elizabeth, N. J. William 
H. Cox and Benjamin B, Cole have been 
promoted to assistant general foremen 
and Howard B, Quinzel to foreman. 
a °° o 
Humble Oil and_ Refining Co.’s 
George B, Corless superintendent of the 
Gulf Coast division of production has 
resigned to take up the post of co- 
ordinator for the executive development 
program of Standard Oil Co. (N. J.) 
Mr. Corless spent 14 years in Houston 
as division superintendent for the com- 
pany. Last year he was loaned to Stand- 
ard as an advisor and currently was 
named co-ordinator. While in Houston 
he was the president of the Kiwanis 
club and member of the executive board 
of the Sam Houston Area Council of 
Boy Scouts and a member of several 
professional societies. He was also active 
in the Community Chest and Red Cross 
campaigns. 
a ° ° 
F, M. Rogers, chief chemist at the 
Whiting, Ind., laboratories of Standard 
Oil Co. (Ind.), will retire from the com- 
pany Sept. 1 after 38 years of service. 
Dr. Rogers joined Standard in 1908 
Wien science was a comparatively minor 
element in petroleum refining. He 
worked on various aspects of petroleum 
r ‘ining and was largely responsible for 
d veloping a number of new processes 
ad products. 
‘lis most important contribution to the 


oil industry was the Burton process, the 
first successful commercial cracking 
process. Dr. Rogers pioneered its research 
and development and later worked out 
methods of refining the gasoline, heavy 
napthas and other products obtained 
from the Burton process. He also made 
important advances in the manufacture 
of greases and lubricating oils and the 
making of road oils and asphalts from 
cracked tar. 

Dr. Rogers became chief chemist in 
1914 and under his direction, the suc- 
cessful work was carried out which 
enabled Standard of Indiana to become 
the first producer of medicinal white 
vils from American crudes. 


oO a Q 


Ray E. Miller has resigned as a 
director and vice president in charge of 
Gulf Coast Sales for Warren Petroleum 
Corp. J. A. La Fortune, executive vice 
president made the announcement. 

Mr. Miller’s res- 
ignation is effec- 
tive Sept. 1 at 
which time he will 
become sales direc- 
tor of Petroleum 


chemicals division 
of the _ organic 
chemicals depart- 


ment of E. I, Du 
Pont De Nemours 
Co., with head- 
quarters in Wil- 
mington, Del. 

As sales director 
of that newly cre- 
ated division Mr. Miller will organize and 
direct a sales department to handle 
sales and distribution to the refining 
industry of Dupont’s petroleum additives. 
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WIDENING HORIZONS 


Views on Personnel, Management and Economic as Well as Technological Developments 
in Petroleum Refining and Natural Gas Processing: Comment from Readers is Invited 








Prompt Disposal of the “Avgas” Plants 
Is in Best Interests of All Concerned 


HE War Assets Administration should revise its program 
for disposal of the 24 government-owned aviation gaso- 
line plants. 

These gasoline manufacturing facilities are adjacent to or in- 
side privately owned refineries in all but two cases. Future 
plans of these refineries depend to some extent on what is done 
with the government’s processing units there. The total refin- 
ing capacity represented in the plants is an uncertain factor 
for the entire industry as matters stand today. Prompt dis- 
posal of the plants will bring the highest realization the gov- 
ernment can expect, as far as can be foreseen today. 

It is now wel! over a year since VJ Day ended the need for 
these plants to make the 100-octane and better fuels for 
which they were designed. They turned out a relatively small 
proportion of the total wartime supply of aviation gasoline, as 
compared with the output of the privately owned plants. So 
the military authorities saw no need for holding them against 
the contingency of a future war, It was also known that 
technological improvements in the processes installed would 
make most of the plants obsolete in a few years. In fact, some 
of the government plants today are already well on the road to 
becoming obsolete. 


Recognizing these conditions, the government at the end of 
the war adopted a program looking to the quick disposal of 
its wartime gasoline plants. To the present time, however, 
only one plant has been sold. At two plants conversions have 
been made of single units to a peacetime method of opera- 
tion. Sections of two plants have been turned over to the 
Rubber Reserve Corp. for making butylenes for butadiene. 
One or two highly specialized plants are being dismantled and 
the equipment and materiais sold piece-by-piece by the War 
Assets Administration. 

The rest of the units at the government plants, which rep- 
resent a total investment of over $235,000,000, stand idle to- 
day, becoming obsolete. They are deteriorating at a faster 
rate than they would if kept in operation with their equipment 
properly maintained. 

A variety of reasons can be listed as to why the government 
plants are not being used by the oil companies at whose re- 
fineries they were installed aud who operated them under gov- 
ernment lease during the war. These reasons are set forth in 
the article on pg. 9. It does not appear that conditions will 
change in the future to make the plants more attractive to the 
oil companies for operation in highly competitive peacetime 
markets. 

The majority of the government’s catalytic cracking plants 
were installed in the existing refineries of the smaller oil com- 
panies. The government itself, in first announcing its disposal 
program, stated that disposal of these plants to their wartime 
lessee operators would provide a means by which some of the 
catalytic cracking facilities of the country could be placed in 
the hands of the smaller refiners. However, the value of the 
“cat crackers” to their former operators grows less with each 
passing month, through the rapid improvements in the proc- 


80 


esses. Because of their location no other oil or other com- 
panies are in a position to consider operating them. 

An engineer-contractor who built a number of the war- 
time plants believes it would be in the best interests of the 
government to dispose of all its facilities promptly, even though 
the realization might be only salvage value. Such a realiza- 
tion, while it might not be more than 20% of the original cost 
of construction of the plants, is greater than it ever will be in 
the future, he believes. Today, he points out, some of the 
equipment and materials in the plants are difficult to secure 
new and would bring a higher price than later when new goods 
can be obtained. The plants are a continuing cost to the gov- 
ernment, in protecting the equipment, in guarding the units 
from vandalism to which unused property is always liable, 
and through insurance and overhead costs. These costs are 
cumulative against almost entirely idle plants. 


The government-owned aviation gasoline plants were part 
of the cost of our victory over Germany and Japan. Their 
$235,000,000 cost, if it had to be written off entirely, would 
be only a small amount, compared with the billions the gov- 
ernment spent on necessary wartime projects which are en- 
tirely irredeemable for any peacetime utiliaztion. Whatever 
amount the government does realize depends on prompt dis- 
posal arrangements 


The Twenty-Fifth Anniversary 
Of the ACS Petroleum Division 


N SEPT. 10 the Petroleum Division of the American 

Chemical Society celebrates at Chicago its 25th birthday. 
As compared with the handful cf oil company chemists who set 
up their own Division of the ACS in 1921, the Division now 
has 1800 members and is the largest of the professional di- 
visions of the Society. 


In such short time has the Petroleum Division attained its 
present stature that many of the original members are still 
active. T. G. Delbridge, manager of the Research & Develop- 
ment Department, Atlantic Refining Co., was its first chairman. 
He was an active leader in the technological work in the oil 
industry’s wartime program and he is today the vice chairman 
of A.S.T.M.’s Committee D-2. Ralph R. Matthews, now a vice- 
president of Battenfeld Grease & Oil Corp., was an active pre- 
moter of the idea of a separate Petroleum Division. W. A. 
Gruse, now with Mellon Institute, was its first secretary-treas- 
urer. 

The past years have seen much more take place than the 
great increase of the number of chemists and engineers on oi! 
company staffs, In that same period the oil industry has com« 
to recognize the services these professional men have rendered 
in conserving our 9il resources, through finding more efficient 
methods for making improved and new petroleum preducts 
They now have a place at the council tables of the oil com 
panies, as well as in their research laboratories and develop- 
ment workshops. The entire oil industry could well take thi: 
eeeasion of the 25th anniversary of the ACS Petroleum Di 
vision to pav tribute to its technologists. 
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HANOLIN VPLEX PROBLEMS in the chemical 
process industries makes many a purchasing 
and production executive wish he had as 
many extra hands as this ancient Hindu idol 
to help him through—and he has! 


THEY ARE i—in the coopera- 
tion and assistance of chemists, engineers, and 
technicians on General Chemical Company’s 
Technical and Engineering Service staffs. 
These experts are well qualified by technical 
training and by practical industry-wide expe- 
rience to offer sound, constructive advice in 
many ways—whcther your problems deal with 


a Gara Jfand---r0 Aid industry—and You! 


industrial, scientific or agricultural chemicals. 


THEY CAN FURNISH pertinent data on proper- 
ties, grades, and packaging of General Chemi- 
cal products ... advise on materials and 
methods for handling and storing them. . . 
consult on their applications to your opera- 
tions, ..and work with you in the development 
of special chemicals to meet your individual 
requirements, 

When “extra hands” such as these can help 
you, just phone or write to the nearest General 
Chemical Company Sales and Technical 
Service Office listed below. 


GENERAL CHEMICAL COMPANY 


40 RECTOR STREET, NEW YORK 6, N. Y. 


BASIC CHEPAIC A) 5 
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Sales and Technical Service Offices: Albany * Atlanta * Baltimore ¢ Birmingham 
Boston * Bridgeport * Buffalo * Charlotte * Chicago * Cleveland * Denver 
Detroit * Houston * Kansas City * Los Angeles * Minneapolis * New York 
Philadelphia * Pittsburgh * Providence * San Francisco * Seattle * St. Louis 
Wenatchee (Wash.) * Yakima ( Wash.) 
In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited 
Montreal * Toronto + Vancouver 















































